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As the previous progress reports regarding activity under this

grant have suggested, the emphasiswithin the College of Business Ad-

ministration has been on the development of a graduate program in

Science and Technology Management(STM). Largely as a result of the

comparative curriculum study funded by the NASAgrant, the College

has developed and proposed to the Coordinating Board of the Texas

College and University System a Master of Science in Administration

program (M.S.A.)(See Attachment A).

The STM Option in the M.S.A. Program

Much of the general systems and technology flavor of an STM

program is embodied in the core curriculum of the M.S.A. However,

it is contemplated that further intensification will be provided through

a specialty option in STM.

The focus of the specialty option is on the micro-management

of complex, technology-based organizations in both the private and

public sectors, as opposed to the macro-management of society's

scientific knowledge and resources. The macro-management aspects

of science and technology are treated at the appropriate level of

intensity in the M.S.A. core curriculum (see the following courses:

MSA 633: Management and the Socio-Technical Process; MSA 611: Seminar

in Contemporary Issues, and MSA 635: Values and Innovations in Manage-

ment Systems.)
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In order to _ovide the appropriate micro-managementeducation,

the College intends to select students who have natural science and

engineering undergraduate education, and who are committed to the

practice of managing technological tasks, or research and development

in the managementof science and technology. The selection process

is considered to be an integral part of the education process, and

those admitted to the STMoption would be expected to have high po-

tential for continuation to the doctoral level in administrative

sciences.

The STMoption would include three special courses in: (I)

the systems development and design process, (2) the managementof the

people and tasks in science and technology, and (3) the systems market-

ing and contracting process.

I. The systems development and_design process has becomea

unique discipline, with its procedures and analytical tools developed

from a combination of mathematics, economics, engineering, and the

behavioral sciences. The decision process by which environmental

data are transformed into a systems requirement has becomehighly

sophisticated, _th the requirement that systems effectiveness and

proposed systems costs be madequantifiable and capable of operational

definition. At the sametime, humanwisdom and judgment is codified

at the final decision stage. After the requirement has been made

firm, the processes of systems engineering, configuration design
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and management,data management,and cost, schedule and technical

managementare brought into play, and integrated by meansof sys-

tems program direction. These processes are to be taught by means

of participative techniques, employing operational and computer

simulation.

2. The managementof the people and tasks in the scientific

and technological realms requires the application of a combination

of quantitative techniques and interpersonal and organizational

skills. The rarity of the technologically and scientifically trained

people who are required for the carrying out of the tasks, their

motivational patterns which are different from those of most human

beings, the high degree of conceptual abstraction involved in most

science and technical tasks, the low probability of success involved

in some tasks, along with the very high investments of funds needed

for both high risk and highly probably successful tasks, makes the

managementprocess different from that involved in less innovative

activities.

Research-based data and someconcepts now exist for

unifying the field, and there are participative exercises available

for teaching skills involved. The course would be a combination of

study of previous research, an active project to produce research-

based learning, and exercises for the development of skills in the

strategy and tactics of research and development organization manage-

ment.
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3. The science and technology systems marketing and con-

tracting process has becomea specialized field. The knowledge of

the current environment in public and private sectors begins with a

study of national goals and economic systems, in the courses re-

ferred to in the M.S.A. core curriculum. This course would begin

with considerations of technological and environmental forecasting,

continue with governmental and private socio-technical marketing and

acquisition systems, and proceed to detailed study of the data on

pricing and negotiation, contracting, and measurementof technological

performance. Simulated tasks would be employed for pedagogical pur-

poses, and research data on bargaining and negotiating within private

and public institutions would be a base for learning.

Research Support Through Center for Management Studies and Analysis (CEMSA)

To provide research support for the STM option, as well as for

the rest of the M.S.A. program, the College has established the Center

for Management Studies and Analysis (CEMSA; see Attachment B).

CEMSA is already operating and should be fully capable of pro-

viding research assistantships and project experience to the graduate

students and faculty involved in the STM option of the M.S.A. when

those programs commence in the fall of 1971.

Continuing Activity Under the Grant

The prospect of greatly expanded interaction between the College

and NASA, expecially NASA/MSC, has played a large part in attracting

STM-oriented faculty to the College during the Past year. Dr. John
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Zuckerman, Chairman of the Department of Behavioral Management

Science, _. Edwin G. Triner, Chairmanof Production and Logistics

Managementand Director of CEMSA,and Dr. Albert Arcus and Dr. Benjamin

Ostrofsky, both _ofessors of Production and Logistics Management,

are amongthose who will play keyroles in shaping and developing

expanded relationships between the College and NASA. Their personal

data sheets are included in Attachment C.
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i) D_at is the title and nature of the proposed program?

a) Title of Program

Master of Science in Administration

b) Nature of proposed program

A systems-oriented program to enable the graduate to

function at any managerial level in complex organi-

zations whether in business, government, or other crucial

sectors of society.

2) Degree or Certificate Contemplated

Master of Science in Administration (M.S.A.)
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3) List the course offerings to comprise the program. I,_ich

of these courses will be new ones?

With the exception of the elective courses, all of the

courses in the proposed MSA program will be new. The twelve

hours of electives which are allowed in the final two semesters

of study may be selected from courses offered either in the

College of Business Administration or in any other college.

The emphasis in the elective sequence is upon flexibility

and relevance to the student's interests. All twelve hours may

be taken in one area of interest or the work may be divided

into as many as three separate areas, as long as at least

six hours are taken in one area. The elective sequence shall

be approved by the student's advisory committee (See section I, 5).

It is expected that through this elective sequence the

program will produce students who will pursue administrative

careers not only in business but also in the management of

other complex organizations such as hospitals, clinics, fine

arts _nstitutions and government agencies. The required course

work is designed to provide broad administrative skills, with

the elective sequence serving to develop interest and knowledge

in specific areas of application.

The non-electlve courses to be included in the curriculum

consist of:



MSA 631:

!_SA 661"

Human Behavior in Management Systems

Cr. 3. (3-0). Prereaulsite: Basic psychology or

Sociology Course.

Human behavior in the management environment.

Analysis of the organizational environment and

administrative role emphasizing the motivational

and attitudinal dynamics of Inter-personal

relationships.

Quantitative Methods for Planning and Control I

Cr. 6. (6-0). Prerequisites: Knowledge of differential

and integral calculus, linear al_ebra, computer
programmln_.

Fundamental tools and theory for planning and control

in an administrative environment, including concepts

from statistics, accounting, systems analysis, and

other quantitative management methods.

MSA 632: Systems and Organization Theory

Cr. 3. (3-0).

The system development process, its logic and relation-

ships to methods of systems analysis, and to the study

of complex organizations and social systems.

MSA 633: Management and the Socio-technical Process

Cr. 3. (3-0).

Evolution and development of technology, including
cultural values and their interface with sodlal

change and economic development; management of

problems arising from conflict and change.

MSA 662_ Quantitative Methods for Planning and Control II

Cr. 6. (6-0). Prerequisites: MSA 661.

Continuation of topics in MSA 661.

MSA 691 :

MSA 663:

Introduction to the Functional Process

Cr. 9. (9-0). Prerequisite: completion o£ first

semester of _ISA program.

Analysis of organizational inputs and output.

Synthesis of concepts from the economic theory of the

firm, marketing, production, logistics, and finance.

Advanced Topics in the Functional Process

Cr. 6. (6-0). Prerequisite: completion of second

semester of _SA program, includlnR MSA 641.

Further integrated development of topics in functional

areas of managerial economics, marketing, production,

logistics, and finance.



MSA634:

MSA611:

MSA664:

Economics and Public Policy
Cr. 3. (3-0). Prerequisite: completion of second

semester of MSA program.

Macroeconomic analysis, monetary and fiscal policy,

and other selected aspects of public economic policy.

Seminar in Contemporary Issues I

Cr. I. (i-0).

Examination of current social and public policy

issues, with emphasis on responsibilities and

opportunities for the participation of managers in

shaping the social environment.

Integrated Management Simulation

Cr. 6. (6-0). Prerequisite: comoletion of third

MSA 635:

semester of MSA program.

Further application of concepts and techniques

to complex, simulated management decision-making

situations.

Values and Innovations in Management Systems

Cr. 3. (3-0). Prerequisite: completion of third

semester of MSA pro_ra m.

Value systems and relationships to decision making

by individuals and groups. Study of interactions of

culture and innovation, emphasizing communications

problems.

MSA 612: Seminar in Contemporary Issues II

Cr. I. (i-0). Prerequisite: completion of third

semester of _[SA program.

Continuation of MSA 611.

Each of these courses carries six hours of credit, with the

exception of MSA 691 which carries nine. If necessary to

meet the requirements of the Office of the Negistrar, each

of them may be listed in three-hour segments using letters

to further identify each segment. We would of course require

in such a case that all segments of a given course be taken

simultaneously.

EXAMPLE: MSA 691A, 691B, 691C: Introduction to the Functional

Process

Cr. 3 each. All three courses MUST be tahen simul-

taneously and _7ili be _raded homogeneously: thus_
total credit 9. (9-0). Prerequisite: completion

of first semester of MSA program.

Analysis of organizational inputs and outputs.

Synthesis of concepts from the economic theory

of the firm, marketing, production, logistics,

and finance.
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4) Outline a semester-by-semester curriculum for the proposed

program.

The success of the proposed program requires that each

entering Stoup of students take the same courses in the same

sequence. Consequently, all students will complete their

course work in the following sequence_

First Year - First Semester

Coul'se flours

Human Behavior in

Management Systems 3

Quantitative !'!ethods for

Planning and Control I 6

Systems and Organization

Theory 3

llanagement and the Socio-
technical Process 3

15

First Year - Second Semester

Course Hours

Quantitative _lethods

for Pl.anning and

Control II

Introduction to the

Functional Process

Second Year - First Semester

Course Hours

Advanced Topics in the

Functional Process

1

16

6

9

15

Second Year - Second Semester

Course Hours

Economics andPublic

Policy

Integrated Management

Simulation 6

Electives

I Seminar in Contemporary
Issues I

!
P

_ Values and Innovation . .

in ;!anagement Systems 3

Electives 6

Seminar in Contemporary

_' Issues I I

16

Total number of credit hours in M_A program = 62
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5) What special requirements will be enforced? If a graduate

degree is contemplated, is a thesis required? If not, what

will be substituted?

Admissions. Admissions will be limited to exceptionally

qualified candlates. Admission standards will normally include

a 3.0 (B) average on previous graduate or undergraduate work

and a score of at least 500 on the ATGSB. Acceptance will be

granted by an Admissions Committee.

Advisory Committee. The candidate will be guided in

his program by a committee composed of the professors teaching

the core courses and other faculty representing the major elective

sequence.

Thesis Substitute. No thesis will be required. The role

traditionally performed by the thesis will be handled by the six

hour course in Integrated Management Simulation. This capstone

course will require the student to demonstrate a high level

of proficiency in the use of systems analysis, which will

have been emphasized during his first three semesters.

Internship. During the first summer following his

entrance into the MSA program, each student will be encouraged

to gain experience in real administrative situations. This

experience will be gained through an internship in a business

organization, a hospital administrative office or some other

organizational setting appropriate to the student's interests.

The internships will be arranged by the Director of the MSA

program in consultation with the student and his professors.
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6) Has the proposed program or one similar to it been offered

in this institution at any time prior to this request?

There is not nor has there ever been a program similar

to the proposed Master of Science in Administration

offered at the University of Houston. At the present

time the College of Business Administration offers at the

graduate level the Master of Business Adm_nlstration,

the Master of Accountancy, and the Doctor of Philosophy

in B_siness Administration. The Department of Economics

offers the Master of Arts and the Doctor of Philosophy

degrees. The essential difference between the proposed

degree and the currently offered _BA is made clear in

Section I, 8 of this document.

7) How many similar programs are offered elsewhere in Texas,

and where?

There are no similar programs being offered in Texas or

the Southwest. Geograph_cally, the nearest program which

most closely approximates the proposed program is the

Master of Science in Industrial Administration offered at

the Krannert School of Industrial Administration, Purdue

University, Lafayette, Indiana. Others are offered at the

Graduate School of Industrial Administration, Carnegle-Mellon

University, Pittsburgh, and at the Sloan School of

Management, M.I.T., Boston.
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8) Justify the need for the proposed program.

The role of the administrator in America today is evolving.

Advances in science and technology have modified the goals, tasks,

and techniques of society. As the parts of the economy and other

societal sectors become increasingly interdependent, so must the

parts of human organizations be further and more effectively

integrated. The organization must be seen as a system composed

of linked sub-systems, and it must be recognized that managing a

complex flow system is different conceptually from managing an

organization consisting of primarily discrete subunits which

require, or at least typically have had, only loose affiliation.

Subsystems must be coordinated to produce an integrated flow

of information, materials, or energy.

The manager of such a system must be able to solve complexes of

simultaneous, nested problems. Ile must be able to understand how

one decision is either affected by or affects numerous interrelated

processes which have both temporal and structural dimensions.

His perspective must be that of systems flow, not of static

structure. His conceptual tools of analysis must be greater in

number, complexity, and abstraction than ever before. Therefore,

his education must be different.

The University of Ilouston College of Business Administration

has been in a stage of transition during the past several years

in an effort to meet these challenging new demands. It has emerged

from a school that taught techniques and vocationally oriented

business skills to one that emphasizes various scientific
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disciplines applied to the business setting. Concepts rather

than techniques are now taught to provide the student with

the ability to generalize his learning experience to the

ever-changing needs of most enterprises. Evidence for this

program revitalization can be seen in the revampedcurricula

at both the BBAand MBAlevels, as well as in the recent college

departmental reorganization and in the type of faculty recruited.

The College can be said to be in its second generation and it

is expected that its graduates will satisfy the needs of many

complex organizations for years to come. Since the graduates

have not been equipped with a repertoire of specific techniques

but with an adaptive conceptual frame of reference which has

the capability of rapid growth, they should be able to cope with

the changes that will characterize manyenterprises during their

careers.

}_owever, even the current types of graduates are not fully

capable of satisfying all the systems-orlented administrative

needs of the more complex sclence-based industries. Today's

MBA graduates are needed for many positions of responsibility,

hut there is a rapidly growing need for systems oriented problem

solvers whose |-erspectives permit them to see and understand

relationships between functions and processes. Enterprises

must now recruit these select graduates in a few schools such

as Carnegie-Mellon, I!arvard, _[.I.T., Krannert School at Purdue

and a very few other prestigious institutions. In the Southwest

there is no school producing such graduates, despite the growing

need for this type of person.
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If the College of Business Administration at the University

of Houston is to be truly responsive to the total needs of the

region, it must produce graduates of both types.

The College will initiate its doctoral program in the fall

of 1969. This program serves a third highly critical need_ that

of the development of research oriented students with a terminal

degree. These students, for the most part_ mayRe expected to

select academic and research positions rather than administrative

positions.

The College is often requested to initiate new degree programs

for special need p-eas. For example, there are growing adminis-

trative demandsin r_anyorganizetions in non-business fields

such as government, medicine, the fine arts, and recreation.

It is Impossible, of course, to offer degree programs in all of

these areas. Thus it may be concluded that there is a need for

a program which develops skills that are administrative in nature

but are not re_tricteC to business applications alone. The

proposed program is of this nature. It is designed to provide

the students -_h generalizable knowledge of administration that

is equally applicable in organizing and operating a government

agency, a private firm, a hospital, or a university.

Moreover_ the curriculum seeks to synthesize and interrelate

these concepts into a meani_is?ul cognitive system. The student

is not taught managementapart from what is managed. He does not

learn marketln_ in one sequenceand production in another without

careful attention to the dependencyrelationship between the

two functions. Hedoes not learn general concepts in isolated
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functional settings so that he is narrowly prepared to understand

the operation of a production department, a marketing department,

or a finance department. He does not learn quantitative methods

as unrelated techniques, nor does he study human behavior in

other than an organizational context. Rather, he learns an

appreciation of the nature of organizational systems as they are

structured internally and as they are related to a larger socio-

economic system. He is taught the design, analysis, and

coordination of flow systems--not only business systems, but any

system that is part of a larger system consisting of human,

material, information, and energy resources.

The proposed program replaces the daytime HBA program,

which will he discontinued. However, the existing NBA will

continue to be offered in the evening. The new program requires

a format that is not suited to evening students who have full-

time Jobs and are pursulng advanced degrees on a part-tlme basis.

For this reason, this proposal for a new program is not accompanied

by a request to eliminate an existing program. _]e College

continues to feel an obligation to provide an opportunity for

those who wish to update their knowledge of concepts applicable

to the management process to do so, whether or not they are free

to devote full-time to their studies.

The proposed program is offered as a means of contributing

to the preparation of future organizational leadership of a type

that will be required in a world of emerging technology, cbanglng

societal goals, and evolving human values. The College submits

that such a program is required if this g_ographic reglon Is to

avoid having other parts of the world gain a comparative advantage

in human resgurces.
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9)
Is the proposed program approved by the institution's

Board of Control? _en?

The proposed degree was approved by the Board of

Regents In its meeting of August 5, 1969.
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II. PROJECTEDENROLLMENT
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Project the enrollment for the proposed program for the next

five years. Explain the basis for this projection.

Five-Year Projection of Enrollment

1970 1971 1972 1973 1074

30 60 90 120 120

The foregoing estimates of enrollment assume four _ears

would be required for the program to reach its full complement

of approximately 120 students. This is believed to be the

maximum number that could be handled effectively by our

projected graduate faculty while maintaining standards of the

highest quality. Enrollment is projected to increase in even

increments from an initial contingent of 30 candidates in 1970

to 120 in 1973, at which time it would stabilize. The _n_rements

represent a continous cycling of the two-year program with a

single wave of 30 students beginning in each of the first two

years. In the third year of operation and from then on, if

resources permit, t_m waves of 30 each will be brought into

the program in September.
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Zl) Explain the likely source of students _ho ui!l enroll in thi _.

program. (Will they come from e_st_nt _rogra_ or will t.hey

be attracted to the institution to enroll _n the proposed

program? )

It is estimated that of the thirty students in the initiai

class of the program, about one-half _uld co,he from exist_n_

acade_._ic prog_:a_,__B ac the Unive'_.;,".:",:,,..":....."' _._::., ,._.r_ ......I ......

universities and colleges in the. c.¢_:_;!_:<._.;, '/i!e r_m:%inde_ of

the class is expected to be recruited :__-..rough_.y equal proportloms

from sehool_ outs_.de the region and frer_ non,o-_c.ademic o_';_'an!_-_ations

in the puhl_c, private, and mixed sectors (industry_ govert_ment,

the fine aria, hospitals and clinles_ a,1;! the ]._ke).
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III. FACULTY
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12) Give the number of persons presently on the faculty who will be most

directly involved in the proposed program. List for each his name,

rank, highest degree, and present course load.

Highest Present

Department Name Degree Course Load

Accountin$ I. Brown, S. H.

2. Grinaker, Robert L.

3. Hoffman, William H. Jr.

4. King, Barry G.

5. Lee, Harold O.

6. McNeill, I. E.

7. Phillips, Lawrence

8. Seiler, Robert E.

9. Singleton, Roger L.

M.B.A.

M.B.A.

Ph .D

Ph.D

Ph .D

Ph .D

Ph .D

Ph.D

Ph .D

Behavioral

Management
Science

i0.

Ii

12

13

14

15

16

17

18

19

Blakeney, Roger N.
iBrannen, T. R.

Burke, R. L.

Champagne, J.

DeMichele, John H.

Domm, Donald

Matteson, Michael T.

Scofield, R. W.

Sterba, Richard L.

Zuckerman, John V.

Ph .D

Ph.D

Ph .D

Ph .D

Ph .D

Ph .D

Ph .D
Ph.D.

M.A.

Ph .D.

Business 20. Stead, Bette

Communications 21. Wolf, M. P.

Economics 22. Brown, Bernard

23. Daniel, Coldwell

24. DeGregori, Thomas

25. Dow, Louis

26. Mayor, Thomas H.

27. Rowe, John W. Jr.

28. Sailors, Joel W.

29. Shatto, Gloria M.

30. Steele, Henry B.

31. Stern, Louis H.

32. Williams, Earl

33. Zahn, Frank

34. Zingler, Ervin K.

Ph .D

Ph.D

Ph .D

Ph .D

Ph .D

Ph .D

Ph .D

Ph .D

Ph .D

Ph. D

Ph .D

Ph.D

Ph.D.

1
Dr. Brannen is Dean of the College of Business Administration.

12

6

6

9

9

6

9

6

3

12

3

6

3

3

9

9

6

9

3

9

9

6

6

9

6

9

9

6

6

3

9

6
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Department

Finance

Marketing

Production &

Logistics

Management

_uantitative

Management

Science

Name

35. Bolten, Steven E.

36. Brosky, John

37. Byrd, James A.

38. Chen, Henry C.

39. Yeager, Francis S.

40. 2Brien, Richard H.

41. Broome, Charles L.

42. Cox, Keith K.

43. Crane, Edgar

44. Enis, Ben

45. Kangun, Norman

46. Smith, Samuel V.

47. Stafford, James E.

48. Arcus, Albert L.

49. 3Copen, M.R.

50. Daniel, Norman

51. Jones, J. Richard

52. Ostrofsky, Benjamin

53. Rose, Warren

54. Ross, H. Glenn

55. Triner, Edwin G.

56. Brown, James R.

57. Crouch, Rolland G.

58. Lawless, Robert W.

59. Lukas, Andre

60. Lumpkin, Irving W.

61. Oxspring, Harry H.
62. 4Otto, Gordon

63. Smith, Lee H.

64. Thompson, W. W.

Highest Present

Degree Course Load

Ph.D. 9

Ph.D. 6

Ph.D. 3

Ph.D. Leave of Absence

Ph.D. 9

Ph.D. 3

Ph.D. 9

Ph.D. 9

Ph.D. 9

Ph.D. 3

D.B.A. 9

Ph.D. 3

Ph.D. 9

Ph.D. 6

D.B.A. 3

Ph.D. 9

D.B.A. 9

Ph.D. 3

Ph.D. 6

Ph.D. 3

Ph.D. 3

Ph.D. 6

M.B.A. 6

Ph.D. 6

Ph.D. 9

Ph.D. 12

Ph.D. 9

M.S.I.E. 9

Ph.D. 3

Ph.D. 6

2Dr. Brien is Associate Dean of the College of Business Administration.

3Dr. Copen is Associate Dean for Graduate Studies of the College
of Business Administration.

4Mr. Otto's doctoral dissertation is in progress.
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13) Calculate the present student-faculty ratio in the subject matter

field(s) or department(s) in which the proposed program will be

offered. (Divide full-tlme equivalent students by full-time

equivalent faculty.)*

Accountln_

Undergraduate ...................... 29.0

Graduate ......................... 11.2

Behavioral ManaKement Science

Undergraduate ............. ........ 37.3

24.0Graduate .........................

Finance

Undergraduate ..... ; 28.3
.pe.e..,_e.*ee'e

15.8Graduate .........................

Market inp_

Undergraduate ....................... 24.0

3.9.0Graduate .........................

Production and Logistics Management:

Undergraduate ...................... 25.8

Graduate .........................

*Calculations based on 1966-67 data and the fol!o_dn_ definitions,

Undergraduate student FTE's = student credit hours tau_ht
3O

Undergraduate faculty FTF's = credit hours offered

Craduate student I,_E's = student credit hours tau_ht
24

C.raduate faculty FTE's = credit hours offered

18

**PLM currently is not an official area of concentration in the }_A

program. It will be, _wever, as of Fall 1969. It also will be a field

of concentration in the Ph.D. program.
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14)

Quantitative Management Science

Undergraduate ...................... . 30.4

Graduate ......................... 23.6

Project the need for new faculty required for the proposed proRram for

the next five years. If the proposed program _._ll be absorbs4 in pare

or in whole },y the present faculty, explain how this will be done,

Field of Malor Concentration

Accounting

Behavioral Management Science

Finance

Marketing

Production a_d LoFistics Management

Quantitative !!anagement Science

Number of New

Fa_cult_ Required

2

2

2

1

2

1

Total i0

The ten new faculty projected as required over the next five years

for the proposed pr_gram would not devote their time exclusively to service

in _e MSA program A part of their time would be devoted to teachln_ respon-

sibilities in the Ph.D. and M.B.A. programs, which are expected to continue

to expand. Moreover, they _ill be needed for the daytime masters program,

whether it is the "_A or the _BA. One would also serve as program chalrma_,

The _oposed program _uld he absorbed in large part by the present

faculty. Present faculty transferred to the I_SA program from the under-

graduate program would be rep]aced by graduate teaching assistants enmolled

in the doctoral program and by new facu]ty assigned to undergraduate teaching,

Present faculty transferred from the I_.B.A. program would be replaced by

new doctoral facu]tv who vould not teach exchmively in the doctoral proRra_

and by new terminally q_lalified faculty assign_d to teachi,_ in the B.B.A,

and M.B.A. programs.



15) Uill acquisition of new faculty required for the program

require an unusual outlay of funds or unique recruiting techniques?

Explain in detail.

It is not anticipated that the acquisition of new faculty for the

proposed program would require an unusual outlay of funds or unique

recruiting techniques. Becauseof its uniqueness, the very presence of the

newlISA program would facilitate the recruitment at all levels of the

College's educational program.

It would be necessary to recruit most of the MSAfaculty at the

associate or full professor rank. To obtain the desired quality of new

faculty, nine-month salaries in the range of $15,000 to $20,000 would have

to be paid. In somecases the figure might run higher.

A related subject is the need for in-house computer facilities

which would provide both batch and time-sharing capabilities. Faculty

memberswho have the desired qualifications are invariably concerned with

easy access to such computer systems, and often specify their availability

as a prerequisite to accepting a position. The College recently installed

an I_! 1130 system. (See section 21).

16) Describe the involvement of the faculty, present and projected,

in research, extension, correspondence, and other activities. Are

teaching loads of faculty reduced if they engage in these activities?

All graduate faculty are expected to engage in individual research

activity as a part of their normal academic load. Where the research

activity becomes intense, as in the case of research conducted under

grant or contract, or in the case of unfunded research _ich shows

immediate promise of resulting in publishable scholarly articles or

monographs, the faculty member is granted released time from teaching

and other duties.
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In view of the lack of comparable programs elsewhere in the country.,

the MSA faculty will be heavily involved with curriculum development durln_

the first two years. An integral part of this activity will be the develop-

ment of teaching materials for use in the program since such materials

presently are non-exlstent. It is therefore anticipated that some released

time may have to be provided during the pioneering stages.

The members of the faculty of the College of Business Administration

do not part_'ipat_ i_ cd_i_:,_Jc_a_ program,s _nv_]vJng extension or

correspondence classes. Some members do partic:!pate in the programs of

the Management Development Center of the College. No reduction in teachi_

Load has been provided for these limited activites.

The faculty is encouraged to engage in consulting when such actlvl_y

involves conceptual thinking and the solution of original and difficult

business problems or _en the activity may result in scholarly publication,

The faculty member may _vote no more than an average of one day per week

in such activity.

The growing interest and competence of the College's faculty in the

area of research and publishing is indicated in the following data:

PERIOD

ANNUAI, "

PP,ODUCTION ANNUAL

Ahg]UAL 0_ AP,TICLES PRODUCTION

PRODUCTION !._,_ _t_JOV OF OT}IF._

OF BOOKS PUBLICATIONS PUBLICATIONS

April '63 - March '65 1 8 2

April '65 - March '67 4 19 7

September '67 - June '68 21 73 3_
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IV. Library
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The following table indicates the present status of library

holdings by field of concentration with respect to academic Journals,

research monographs, business Journals and pe_:1odlcals, classic works,

corporate reports, federal and state governmental documentsand foreign

titles and governmental publications.

Field of Concentr;:t!on Excel]ent ,'_,J, Fair Poor

Accounting
Behavioral Manage_:ent

Science
Finance
Marketing
Production and Lo,_istics

,Management
Quantitative Management

Science

X

Acad,:__[c Jo:_.rna!s

X

X

X

X

Acc

BMS

Fin

Mkt

PLM

QMS

Research Mono_:raQ_,.s (U_)iyersi____tyBureaus of
B.si_:.ss Research)

Z

X

X

X

X

X



27

Field of Concentration

Acc

BMS

Fin

Mkt

PI_.i

QMS

_.( .

BMS

Fin

_t

PLM

QMS

Ace

B:'._S

Fin

Hk t

PLH

QMS

Acc

BMS

Fin

Mkt

PLH

QMS

Acc

Fin

PI,:.i

QHS

Rating

Excellent Good Fair Poor

Business Journals and Periodicals

X

X

X

X

X

Classic Works

][

X

X

X

X

X

X

Financial and Related Corporate Rep0rts

X

N.A.

X

N.A.

X

X

Federal Governmental Documents

X

X

X

X

'X

State and Local Governmental PublicatlonB

×

X

NoA.

X

X

X
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Field of Concent._,_t!o_t

Ace

BMS

Fin

Mkt

PL, q

OSS

Ratin_

Excellent Good Fair Poor

Foreign Titles and Governmental PublicatlonB

X

X

X

X

X

X

,.'::: L _,r :-'; , • a.t _-:_.,_'_. :_ s " , _: p,_:,posed program?
E_:pt.aln in ,__tai]0

Fondran l._'_ra,-y....R! ce University

}louston f':,i,ii(:i,1.t,mar_

St. Th_,Lna:, Uniter:-:[ ty ],Ibrar 7

Texas _.led :al Ce,_.ter L_bca__y

Texas ,_:ot_t_Lern University Library

Uo S. Depa::tmen_: of Commerce R_gtcma]. Library

World Tra£e Center Library

The Fondren Library at Rice Universit_ is a long-_mtab.1_mh_a _d

excellent university library that has been developed to support research

programs in many fields, including economics, m_athematlcs and psyehol_)g_

Rice has plans for the development of a graduate program in business m%d

should be adding heavily to their collection in this area durlng the ne_

several years. The Hov,=,ton Public I,ibram 7 i',_a public depository con-

taining many gov,--r_mantal documents of older xdntage that would be

available for st_demt use. _he shelves of _._e U. S. Department of Comm_%nze

Regional Library contain much data helpful t_ students in the field of

marketing. The _h,reau of International Ccm_:_,rce section of this library

and the World Tzade Center l,J.brary contain re:my items useful to students

Interested in the international aspects of b_siness. The excellent

Texas Medical Center Library is a good source for materials in the

field of n_e,llc_ ._ :' " ".n,_ h_nr_itel adml.nlstrati_ _,.



29

17) Are present library holdings in relevant fields adequate now to
begin the proposed program? Howwill the library have to be
improved to meet program needs in the next four years? (Refer
to the need for books, periodicals, reference books, primary
source materials, etc.)

Areas of excellent library support are now available in somefields

with respect to academic journals and state and local governmental

publications. The Center for Research in Business and Economicshas a

good selection of research monographspublished by the memberschools of

the American Association of University Bureaus of Business Research that

are readily accessible to graduate students. Also most fields of

concentration report good or adequate library support with respect to

classic works, corporate reports, and federal, state and local governmental

documents. Foreign titles and governmental publications, however, are

areas of critical inadequacy and muchhard work and considerable time

will be required to bring these holdings to an acceptable level of

adequacy. Supplementation of existing holdings will additionally be

needed in the area of academicand business journals and periodicals

(accounting), classic works (accounting and finance), federal governmental

documents (finance, marketing and production and logistics management),

and state and local governmental documents (marketing and production and

logistics management). The fact that the University of Houston Library

is a public depository will help greatly in eliminating deficiencies in

the area of public documents.
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V. FACILITIES AND EQUIPMENT
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21) Describe existing facilities that are available for the

proposed program. Describe the present utilization of these

facilities. [,_at new facilities will be needed in the near

future? Specify what special facilities and equipment will be

needed and estimate their cost. From _at sources do you

anticipate obtaining needed facilities and equipment.

The College of Business Administration is presently housed in

the Fred J. Heyne Building. This building, completed in 1958, was

a gift of the Houston Endo_anent Fund, Inc. In addition to 85 offices

and 30 classrooms, this centrally air-conditloned building houses in

special facilities the _[anagement Development Center and the Center

for Research in Business and Economics.

Office space in the building is presently fully utilized. However,

current plans call for the allocation of over 30,000 square feet of

office and classroom space in the proposed Graduate Studies Building

to meet the needs of the graduate division of the College of Business

Administration.

Future plans call for the construction of a tower addition to

the building, if needed, primarily to accommodate any further expansion

of the College of Business Administration.

The only major additional facility required is a computer network

containing batch processing and time-sharing capability. However, this

is not a unique requirement of the MSA program as it is urgently

needed for all other degree programs in the College. But the

availability of such facilities are virtually mandatory for the

implementation of the MSA. The cost of such equipment will be of the

order of magnitude of $50,000/year, but the incremental cost
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for the _SA program will be insignificant as most of the expense

will be absorbed by regular budget commitments for all programs.

The College has taken delivery on an I_ 1130 system which will

meet our initial needs, but which will have to be upgraded subsequently

to handJe the instructional and research requirements of all of the

College's programs.
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Vl. Administration of Proposed Program
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22) Will the proposed program affect the administrative structure of

the Ins_itutlon? If yes, describe how. In what department, division,

school or college will the proposed program be administered? If

the program is to have inter-departmental or inter-unlt adminis-

tration explain in detail.

The proposed program would affect the administrative structure of

the institution only in that the MSA would be administered as a program,

The program director would sit on the Administrative Committee, the ma_or

policy board of the Co3]_ge.

The program would be administered _ _:he College of Business, bF

Dr. Ted R. Brannen, Doan. The direct eupervls!on a_d coordination of

the program would be t!_e re_pons_billty of the Director of Graduate

Studies in Business, workin_ in coeperat!on _Tith tbe appropriate

committees and the program chairman. All admissions to the program

would be cleared through an Inter-departmental Admissions Committee,

and each candidate would he assigned an inter-departmental Graduate

Advisory Committee. The faculty assigned to duties in the program would

be members of the University and the College Graduate Faculties. Program

development would be under the guidance of the Graduate Faculty of

the College of _siness Administration whose recommendations would

be carried to the Dean of the College, and other appropriate Universi_

officials and external bodies, when required, for final approval.



36

VII. Accreditation
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23) Describe the requirements for accreditation, if progrmm is

eligible to be accredited. What is the name of the accrediting

agency? What will be _nitial costs of accreditation and sub-

sequent annual costs to maintain it? Identify basic criteria

for accreditation and describe he_ these will be met.

The American Association of Collegiate Schools of Business (AACSB)

has been designated bv the National Commission on Accreditation as the

official agency for program accreditation in the field of business

admln_stratlon. The AACSB ac('re_lii:sBach_:-qo_" _.::.i ._._:'.,_'.:-::: of Business

Administration degree programs.

_,e Bachelor of Busines_ Administration deg::_.,<-,program at the

University of Houston received AACSB accredltatioi% in ]964. l_le Master

of Business Administration degree program at the University of Houston

received AACSB accreditation in 1967, the seventy-seventh M.B.A. program

accreditation conferred in the U. S. by the AACSB -- and the fifth in

Texas. Since the College of Business has already been accredited at the

master's level and the proposed M.S.A is precisely in keeping with the

academic philosophy expressed in the official publications and currleulum

development guidelines of the AACSB, we anticipate that accreditation

will be automatic, requiring only that we file a record of the new

program with the AACSB.
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24) Evaluate the subject matter fields at your institution which may

be considered as necessary, or valuable, in support of the

proposed program. Will these fields need improvement? If so,

how, to what extentp and at what cost? Be specific.

The subject matter fields most necessary and valuable in suppor_

of the proposed program are economics, psychology, sociology, law,

political science, and the fine arts. It is anticipated that most r_mm-

business electives will be taken in these fields, all of which are

sufficiently strong to provlde, wi_h [_r_p_r counsel and cooperation,

excellent non-business elective sequencem for the MSA candidates.
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IX. COST OF PROPOSED PROCRA_!S
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25) Estimate the initial (first year) costs of the proposed program,

How much of this will be absorbed in curren _ budgets and how

much will be newly appropriated money? Will federal or private

financial assistance be sought? If yes, explain in detail.

The estlmated flrst-year cost of the proposed program, based on _ha

net addition of four FTE faculty members, including a director for _he

program, is about $104,000.

shown below :

Item

Faculty (4 FTE)

Secretary

Travel

Operating expense

Offic_ equipment

An item break-down of th_s total flgum In

1
First-Year Costs

Total

!,?!0

It should be emphasized that to a great degree these are replae_

costs rather than incremental costs; that _s, they represent the cost of a

growing daytime masters program, whether it i_; designated MBA or MfiA.

it is hoped that _hese costs could be Include_ in the new budget allocatod

to the College fr+m the University's state funds; however, funds are b_ng

sought also from _-oth federal and private sources. Federal financlal

assistance is beir_g requested under one of the Higher Education

Admendments of 1968, as passed by the 90th Congress. If obtained, these

funds will be applied to the develepment of the entire program; a

proposal has also been submitted to NASA for financial assistance in

developing select_.d areas of the program.

ILibrary costs and graduate teaching assistantship costs are sho%,n

respectively, under Section IV, Library, 20), and Section IX, Costs O_

Proposed Program, 29).

21ncludes allowance for half-time summer pay for eight faculty

members in sun',me_: 1970, to develop course ,_t:_ctures and prepare

teaching material ;.
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In addition, private funds for gYaduate fellowships, travel and

research will be sought with the assistance of the Office of Universit F

Development, the recently organized Advisory Council for the College of

Business Administration, and the College of Business Administration Al_nl

Association. The Business Advisory Council consists of fifteen of the

top business leaders of Houston. This body is currently organizing

a fund raising program in behalf of the College.

26) Estimate the annual cost of the program for the three years
following its first year, using current formulas. Explain the
rationale of your estimate.

Projected Annual Cost of the Propos_d Program

1.971 1972 i'i !73

$113,000 $I, 70,000 $226,000

The foregoing projected annual costs of the proposed program are

based on projected eerollments of 60, 90, and 120 (student head-count)

for the 1971, 1972, a_nd 1973 academic years. (S_e II. Projected

Enrollment). The head-count enrollments were multiplled by a course

load factor of 15 and by a semester factor of 2. The total semester

hours taken each year were then multiplied by $62.97 to arrive at an

estimate of annual program costs. The figure of $62.97 represents the

total of the teaching salaries ($47.25), departmental operating ($iI.58),

and library ($4.14) formulas projected for the 1971 fiscal year by the

Coordinating Board.

27) Departmental Costs.

(A) Show the departmental operating expendltueres for the last

two fiscal years for the departments which will contribute

significantly to the support of the proposed program.

All departments in the College will be actively involved in the

new program. The fo]low_ng tables reflect the o!_I organization struc_ur_
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and nomenclature of the College. The current departments include

Accounting, Behavioral _nagement Science, Economics, Finance,

General Business Administration, Marketing, Production-Logistics

Management,and Quantitative ManagementScience.
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(B) How will the proposed program affect the allocation or

distribution of these funds?

On balance, the new program is expected to cause no significant

shifts in the pattern of distribution of the College's funds among its

departments.

28) What additional funds for research will be needed to support the

proposed programs? Explain.

Funds for research to support the proposed program are essential.

They will provide for continuous program enrichment and the attraction of

outstanding students to the program. Such funds could be used_

i) To provide additional released time for faculty to engage in research,

either on an individual or group basis. Such supported research

efforts would enrich the quality of graduate teaching, enhance the

reputation of the faculty and the College, provide expanded research

experience, and generally create the excitement of a vigorous research

environment so vital to graduate programs of instruction.

2) To provide support for graduate research assistants who would assist

. the faculty in individual or group research activity.

A major research program is being initiated in the fall of 1969

through a sub-branch of the Center for Research in Business and Economics.

It involves studies of organizational behavior in management systems with

particular attention to computer-based decision-information systems. This

program will provide crucial support for the M.S.A. degree program. For

example, NASA/MSC has expressed interest in supporting the program of research

and the concomitant development of a series of elective courses in the M.S.A.

in Science and Technology Management.
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29) How many assistantships are considered desirable to begin the program?

Estimate the amount of funds required for these assistantships over

the next four years. What sources are available to support these

assistantships? Explain in detail.

The most desirable pattern of cumulative total assistantships is

indicated below. A reduced number of assistantships would not preclude the

success of the program.

GRADUATE ASSISTANTSHIPS NEEDED

FOR THE PROPOSED PROGRAM

Year

1970 1971 1972 1973

Number 20 30 45 60

Cost $60,000 $90,000 $157,500 $210,000

The nine-month stipend is assumed to be $3,000 during 1970 and 1971,

rising to $3,500 in 1972 and 1973. The figures for the last two years

would be diminished by approximately one-half if a decision is made to

enroll only one wave of 30 students each September, rather than two beginning

in 1972. These assistantships would be financed principally out of non-state

funds; that is, from organizations and foundations interested in supporting

the supply of the kind of sophisticated management talent the program seeks to

provide to all sorts of complex organization in virtually all sectors of society,

30) Add any comments which would be helpful to the Coordinating Board in

evaluating this program request.
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THECENTERFORMANAGEMENT

STUDIESANDANALYSES

(CEMSA)

I. GENERAL DESCRIPTION OF CEMSA

Role and Scope

With its part time administrative staff initially being obtained

from the faculty of the College of Business Administration of the University

of Houston, CEMSA will be a financially self-supporting contract research

center. It will address itself on a project basis to the many problems

in management information science and management systems that currently

confront virtually all complex organizations in both the private and

public sectors of our economy. While individual projects may be essen-

tially proprietary, CEMSA will have an overriding, long-term purpose of

abstracting significant aspects of each study and synthesizing them into

a general body of knowledge in the management system. Section II of this

proposal discusses the rationale and objectives of CEMSA in greater detail.

Legal OrEanlzation

It is proposed that the Center for Management Studies and Analyses

(CEMSA) be an integral portion of the College of Business Administration

with an Advisory Board comprising both top managers from Houston-area

business, industry and government and members of the administration and

faculty of the University of Houston.
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Administrative Structure and Staff

The Center will have as its administrative nucleus a small part

time staff, comprising at the outset a Director and one secretary.

Should the growth of the Center Justify requirements for full time

administrative staff, qualified applicants will be sought. This initial

staff will growas necessary as the work of the Center develops, and

will be complemented at any given point in time by as many part-tlme/

and or temporary investigators as are required to execute the projects

under contract. These investigatorswill be drawn from the following

sources: the University of Houston faculty, the University of Houston

graduate student body, special consultants not available from within

the University, and the client organization(s) for the project.

Industry and government investigators generally will be relieved of

their normal duties in their organizations and will be assigned full-tlme

to the Center for the contracted life of their project. Others may

be drawn in for short-term assignments within the llfe span of a given

project. Project direction will be vested in CEMSA.

Funding

It is estimated that the demand for the kind of research projects

CEMSA will undertake is great enough in the immediate area alone to

put the Center on a self-financing basis from its inception.
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II. RATIONALE AND OBJECTIVES OF CEMSA

The Need for Research in the Management Sciences

A decade ago, it was observed by a management information specialist

that "half the cost of running our economy is the cost of information.

No other field offers such concentrated room for improvement as does

information analyses". I Since that observation was made, the world's

accumulation of knowledge has allegedly doubled, and it will at least

double again in the next decade.

American business, as well as organizations in the public sector,

are caught in an ironic dilemma: our economic system generates a

massive volume of data daily, and the rate of information-generation

is increasing, yet most managers continue to complain that they have

insufficient, inappropriate, or untimely information on which to base

operating decisions.

The chances of getting out of this dilemma appear to rest heavily

on two major, related developments in the management of business

organizations: the application of systems theory and the advent of

the computer. The systems concept has roots in the natural and physical

sciences and in engineering, but its applications to human decision-

making probably originated in the development of optimal attack and

defense patterns during World War If. In its military context, the

systems approach was defined by the RAND corporation in a fashion which

seems equally appropriate for business strategists:

iAdrian McDonough, "Today's Office-Room for Improvement," Dun's

Review and Modern Industry (September, 1958), p. 50.
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An inquiry to aid a decision-maker in choosing a course

of action by systematically investigating his objectives,

comparing quantitatively where possible the costs, effectiveness,

and risks associated with the alternative policies or strategies

for achieving them, and formulating additional alternatives

if those examined are found wanting. 2

The systematic analyses of costs, risks and outcomes require that

huge amounts of data be generated, processed and acted upon extremely

rapidly, so the computer has become an integral part of most management

information systems. Its tremendous capacity for data storage with

micro-second retrieval, dissemination, and analyses, as well as its

great cost, have caused many organizations to plan formally for the first

time their management information flows and processing functions.

It is anticipated that CEMSA will address itself to a wide variety

of research projects ranging from highly technical matters such as

special progra_mlng, model building, and simulation to analyses of the

organizational behavior implications of man-machine systems. The latter

area may be of special interest to CEMSA since many computer equipment

suppliers, systems analysts, and line managers agree that computer-based

systems often are not installed where they might well be of great benefit,

or, if installed, are underused or ineffectually applied, simply because

the human organization is insufficiently systematized to capitalize on the

machines' capabilities.

Discipline Synthesis

The "information explosion" of recent years will test as never

before the ability of the organization to integrate men, machines, and

2Lee Adler, "Systems Approach to Marketing," Harvard Business Review

(May-June, 1967), p. 112.
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procedures into an effective management system. As one concerned top

manager, this one in the military expressed it:

Information, including management information, is growing

by the micro-second and even the nanosecond. We cannot turn

off the flow. We had therefore _etter learn to control It--
and we are already running late.

The kinds of projects CEMSA will undertake will almost certainly

require an interdisciplinary approach. For example, an attempt currently

underway to build Just the marketing sub-system of an overall management

information system in a consumer packaged goods company in the Houston

area involves top management, marketing management, brand management,

sales management, new products groups, the marketing research staff,

the control and finance departments, production scheduling, delivery

scheduling, the advertising agency, systems analysts and designers,

operations researchers, statisticians, programmers, and computer equipment

suppliers.

It is clear that the complex nature of most current operational

problems necessitates the integration of the diverse skills and knowledges

related to all the variables which may impact the problem. The recent

achievement of placing a man on the moon is as much or more a tribute

to the management of discipline synthesis than to technological and

scientific advancements of hardware. Discipline synthesis has recently

been recognized as an urgently needed discipline within the management

sciences. The application of the science of discipline synthesis to

3Howell M. Estas, "Will Managers Be Overwhelmed by the Information

Explosion?", Armed Forces Management (December, 1966), p. 84.
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operational problems and the advancement of this science resulting from

the experiences gained in the application provide the theory to

application to theory feedback loop which is at the heart of CEMSA's raison

d ,Aetre.

The Unique Advantages of the Center

A university-based, project supported Center for Management Studies

and Analyses has a number of meaningful advantages. By drawing its

project teams from the University's faculty and graduate students and

by including full-time, although temporary, participants from industry

and government, such an organization can probably concentrate more

interdisciplinary talent and develop a better mix of theoretical

and operational perspectives on a given project than could either a

strictly commercial or an exclusively academic research body.

By attracting industry and government participants into the project

on a full-time basis, that is, by having such investigators orient almost

exclusively to the Center during the life of their project, CEMSA will

provide the kind of shelter from routine operations or "brush-fire-fighting"

that an investigator needs to do a first-rate piece of research.

By focusing upon operational problems within industry and government,

both faculty and students will be afforded the opportunity to test

theoretical concepts in a "real-world" laboratory. At the same time,

industry and government will obtain the benefits of applying the latest

theoretical knowledge to their complex problems.
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The Objective of CEMSA

CEMSA may be considered to have three objectives, one for each of

its two principal constituencies and a superordinate objective for the

Center itself.

i. For its client organizations, CEMSA will provide a project task

force of precisely the size and composition necessary to solve

specific problems in the field of management science.

2. For the College ' of Business Administration, and quite possibly

for Other colleges or departments within the University, CEMSA

will represent on-going, major research out of which will come

enriched curricula, student theses and dissertations and

significant faculty publications.

3. For the Center itself, the primary objective will be to make

major contributions to the body of knowledge in management

science. Through continuing comparative analysls of the

problems, treatments, determinants, and outcomes of the Center's

projects, CEMSA will work toward synthesizing a theory of

management science.
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Basic data
e

Aged 46, s_ngle, excellent health, height 6'-0½ '_',weight 195 lbs.,

U.S. citizen (formerly Australian), too secret security clearance.

Academic data

B.E. UniversitF of Western Australia 1945 (civil engineering).

:M.A. University of Oxford, U.K., 1952 (economics and politics).

Ph.D. University of California, Berkeley, 1963 (business ad_iknist-

ration - ooerations research, accountings, economics).
Awarded a Rhodes Scholarship 1946.

Awarded a Ford Foundation Pre-doctoral Fellowshio 1958 and 1959.
By examination, licentiate of the Chartered Institute of 3ecretaries

(i.e. of Canadian corporations) 1959.

All education orior to 1945 was in WesternAustralia where born.

Emoloyment data

1966-68 Senior Research Associate, Logistics _,_anage._ent Institute,

Washington D.C.. Applied research into lo,_istics oroblems

solely for the Dept of Defense _:igh-level project,:, concerned the

supply systems of all milltary services.

1964-66 Lecturer, Production Management Division, Gl'_duate School

of Business Administration, Universi _- of ...._._, _= lifornla, Los
Angeles Full-time teaching of production _na'_"_en_ courses at

graduate ;_nd undergraduete levels (BAI42, 144, ?h2) _.nd in the 1966
._Englneerinz and Manage_,uent Course for industry

Mid-64 Suoervisor,_ Charitable Trusts Project, ueoz."' of _uobice_ ,_ ,

California. Programminy., collation and _naly_.{is .of data

-conc_'!_.g _ 7,000 charitsble trusts. .....

1963-64 Professional Counselor, International L_bor Office, Geneva.

Assigned to ImJia to assist in the cre_,i_on of colleges of .........
industrial manage:uent and earth-moving project_.

1962-63 ,_hile comoletin:-_ a doctoral dissert.Pt_on _t the G r_.du:_te

School of Business Administration, University of _llfornia,
Berkeley, also lectured __n production mana:-_emeqt (BAI40, I_2) there

full-time. "..,a_- _]_._soa teaching .... assistant in _ccou_tin__. 195 ,.-58 ."_

1959-62 Senior Consultant, Management Sciences o_v:s_on, Douche

Ross Bailey and Smart, New York. Advised "cL_<.nts on a wide

ran@e of business and technical problems; e.g. 5e__<_._:Aoe]f_e,:_kon

factorinz accounts receivable, Mead Corp. .')qta_:_.¢!o:;:of _,ubs_diaries,

Fenestr_ oo :,. on schedulin T eztruslons, _h_c./ru_-,;z_,,-, on :-"noot_in_
Oroduct]on, :{u{ison :].._y.;l;ores on buyln< s_:n:_on<__[',o:_.:n. _l',_s_.<,te

Insun._, rlce o_1 c]',,!,, t]__,> an ooer-_bions re;;e:_.['cin . [',-#_:;, : _11 ,E;O Orl. _

technique de ve]oned for b_lancln):, the asseai:,I/ [i::us of Ui_ry;:_ler Corp.
is . ' ......oroceoly tqe most advanced e_nywhere. Also ',:.,'o.._: t.:e'Pre!Y.:_inary

report on B,_e uniFicetion of acco__n_s of t 4_ove:'__'e_,_ of t_e state

......... o f _.:..:a _._.of 9:_:_a_i" " :.;_th others oarticioatinz for _,,,,_._,Le_-_si:,_,.,'_
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!957-59 Doctoral studies at the University of California, Berkeley.

1955-57 Contracts officer, Department of Defe_ice Production, Otta_,;a,

Canada. Wrote and administered aircraft contracts, supervised

capital assistance prograins, audited financial and production reports.

Mid-55 Director and Secretary, Arcus Metal Products Pry. Ltd., Perth,

Australia. Reorganized this famill_ company during a period of
crisis. It manufacturers domestic and co_J:nercial refrigerators, hot
water systems and the like.

1952-55 Assistant _rade Commissioner, Deot. of Co_nerce and Agricul-

ture, Canberra, Australia. Assigned to the Australian Embassies

--in. Indonesia and Japan. Acting Commercial Counselor about 70% of the

time. Work involved trade promotion, market surveys ,_nd all _inds of

investigations on behalf of government and industny, l_igh-level rep-

resentations initiated large exports of Australian coal to Japan.

. ," Prior to 1952 employment included about 5_ years of miscellaneous

..... structural design and construction, time study and methods engineering,
._ i:. production olanning and control, operation of gas, acid and smelting

=',,<. plants, and company law studies. Service in the Australian Army

<_.'- during World War II amounted to 1½ years, endin_ as Lieutenant in the

: engineer corps.

"•=r,

Publications

"COMSOAL: A Computer Method of Sequencing Operations for Assembly

Lines, I -_he Problem in Simple Form, II - The Problem in Complex•

Form", in Readings in Production and Operations Management (ed. E.S.
Buffa) John Miley & Sons, Inc., N.Y., 1966. Also oublished in

-•_........sllghtly different form as "COMSOAL: A _Comouter Method of Sequencing

Operations for Assembly Lines", International Journal of Production

Research, Vol. _, No. 4, 1966.

Associations

Sometime member of:

_merican Accountin_ Association

the Institute of _._anagement Sciences

Operations Research Society of America

(Chairman of the Finance Committee, National ideating, 1960)

American Institute of Industrial Engineers
chartered Institute of Secretaries

_merlcan Production and Inventory Control Society

Beta Alpha Psi
Siva Gamma Delta
Mensa
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RESU]',{ 1_"OE .BI';NJAM] N OST I<O],'SKY

November 1958
• .

}Iome Address:- 3668 Meadville Drive

Sherman Oaks, California

91403

t3irthday: 26 July 1925 .

]°lace: Philadelphia, Penn._ylvania

Marriqd, two children - son-age 6, daughter-age 9

Phbne: (213) 788-7133

FORM AL EDU CAT ION: ..

- Central High School, ]Philade!ph_a, De:ins., 1942
B'SM_ with Option in Aeronautical Engineering "

- Drexel Institute of Technology, December 1947

- Master of Engineering, UCLA, June 1962

(Engineering }executive Program)

- Ph.D. in Engineering from UCI,A with Major Yield of Engineering Design

and Minor Fields in Applied Math and Engineering Management, March 1968

PROFESSIONAL SOCIETIES

American Society for Engineering Education

Operations Research Society of America
American Institute of Aeronautics and Astronautics,
Am ericin Association for the Advancement of Science

Honors: Sigma Xi
Blue Key Society.,

"• . • • • .

• • °.

Drexel Institute of Technology

.'% .

RECENT IMPORTANT ACTIVITIES

196Z to-1965:

1965 to presetlt:

Ford l_oundation Educational Development Program

Assisted in development of undergraduate design
curriculum and taught lower division de-'_'*gn courses,

UGLA. Read upper division and graduate courses.

Taught Engineering System Design, UCLA.

Summer, I965:

Summer 1964]

Winter 1966_

Winter 1967 [

Winter 1963]

Lecturedin NSF Design workshop for four weeks at,.
UCLA in Design Morphology to guest Faculty and

Students and attended summary session at Carnegie

Institute of Technology ....

Lectured in short courses to" industry on Engineering

Design Theory.
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MIJ_,JTAt_.Y }CXt'J¢RJ}:;NCtC (5 Years}

October 1943 - October 1945

Aviation Cadets, • Army Air Corps; Graduated. as a navigator-bombardier,
December 1944. , ...

.. -.

September 1950 to October 1953 . " "

- Radar-bombardier-navigator on B-45 aircraft in tactica! operations
• • t ..

Group navigator in a Troop Carrier Wing

- Plans and t[equirements Officer in an'Observer Training G÷oup

Two years in the Alaskan Air Command as a havigator on C-54 and C-124
aircraft; including additiona'l duty as a squadror[ adjutant. " .

.

tqying duty in the Alaskan Air Command included participation in the develop-

ment of Polar NavigatSot 3 techniques as well as initial reconnaissance for the
I)leW li'ne. Resupply missions were also accomplished at T-3 Ice-Island

(89 degrees north latitude}.

Total flying time at separation was approximately Z000 hours of which approx-

imately I 300 hours was in the arctic.

•PtZOt;'ESSIONA I, ACTIVI LILI_t,;,_

1964 - Present: "
-

Senior Staff tCngineer at TRW Systems, Redondo Beach, California. Advisor

and consultant to manager of logistics laboIatory for advanced weapon and

"space systems design and operational problems.

Served as Ad t-Ioc advisor to UST_F for two years to develop audio-visual aids

for improving efficiency of maintenance of advanced technological systems.

._Served as consultantto US__F for devising a computerized system of employ-

ing flight test information to improve accuracy of ][orecasting operational
• c-;)rat_. . .requirements for the F-IlIA airc "_ {_d cqt_:[

%.

196I - 1964 " .

Member of the Technical Staff, TRW Systems, Systems Research Laboratory.

I was responsible for conceptual and analytical studies, of Military Weapon

Systems and Space Systems. These studies involved current systems as
•,veil as those being proposed, and reflected considerations of the system as

art entity .... .

!

One of the major efforts was the determination of a method to measure alert
readiness for the Atlas Weapon System, and an application of this method

using actua! data from missile sites. The results of this study arc influential

in determining USAF policy for operating and maintaining Atlas missile sites.
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ovember 1954to May 1957 (Z

Douglas Aircraft Company

Testing Division

Title: ]<esearch Test ]E,ngineer

I/2 years)

° .

• . . °

Conducted a research test prograrn at Edwards A .}F]3to coh_pare and evaluate two

types of equipment used to measure gun gas concentrations (see publication)

• :. This problem involved the supervisory control of an AdD-I aircrafG

two shifts of maintenance personnel_ and an intensive instrumentation program.

]Following this test program, responsibility was assumed for all pr9pulsion and

mechanical system flight test p_:ograms on the A3D Aircraft. The complete
- ; . I- c,

planning, instrumentation_ fllght tes_o_ data reduction, reporting and i_ais0n
• ° °a rfunctions were included in this rcsponslb113_. Instrumentatlon was accomplished

at the }'21Segundo location_ flight testing at Edwards AFB,. data reduction and

reporting at the Santa Monica loca'tion. .. " .
. . . , . . . . . . . .

November 1953 to November 1954 (I }ear) ""

Generator Equipment Company/ Los Angeles

Title: Chief Engineer _nd Production Manager

Designed and produced auxiliary ground power equJpment on sub-contracts for

the USAF. Assisted the company president in managing the production facility

and personnel (appro:dmately 60 people). Developed administrative and shop

procedures for the production line to increase output during this period.

October 1948 to September 1950 (2 years)

George C. Lewis Company, Consultants

Philaddphiaa Pennsylvania . . :

Title: Project Engineer - ..
• °

Designed_ directed the procurement, supervised installation and testings_ and
coordinated all phases of the projects as.signed for major commercial air

¢ond.itioaing and structural projects.

• . • . .

"February 1948 to August I948 (I/2 year)

E. G. Budd Ivianufacturing Compar_y ..

.Red Lion, Pennsylvania

Title: Production Test Engineer

"Conducted production line testing of mechanical and electrical equipment aboard

new railroad coaches.
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• PAPEt\S AND t<EPOtUI'S - a partial li,_[ing

_3. Ostrofsky, N. S. ]]hBois, T. S. Arnold "_',,-, c,_._tem }_ffectiveness Data

System" (SleDS), l_eport No. SAMSO-]K6_,-i_!_, , Space and Niissile Systems

Organization Report, USAF, March 1968 .

If. Ostrofsky, N. C. Pate; N. S. Du!'ois, "System Experience Correlation

• _AMSO-Tt_67 1Z Space and Missile.and Analysis Program'!, Report No. e _

Systems Organization Report, USA}.", August 31, 1967
•.... .

-. -"Design of An Experiment For the Infcrent_al }':valuation of Statistical Errors

in Weapon System Capability Assessmen't" (Term Paper) UCLA, Fall, 1962.
e

l

"Feasibility of Weapon System Automated Ma_nt6nance" (Part of Field

"ICxaz:oination in Design), UG!.,A, Spring, 1963

Pt"uture YJasic t{equirem'ents for Systems Data In USAY':, USA_'/lndustry

• Data ]_anagement.Symposium, Speteml, er 1765, Los Angeles, California

"AlertRcadiness For A Missile Weai,on ;ystern!' STL Report (now "flkW)

No 6301-6_29-OS-000 (Secret),. 9t,: '" '• ' tnee_mg of the Military Operations

Research Society, Fort Monroe, Virginia (co-authored with R. E. Wesel,
.and P. D. Chaiken) "

--z-a.--.,. "A Methodology For The Preliminary Comparison of I, unar Landing Vehicle
/. -1 • °Configurations", Institute of Ae.ro:auclcal Sciences (now AtAA}, Annual Summe-

Meeting, Los Angeles, California, June 19--22, 1962

"A Current Survey Of The Probability Of Catastrbphic Failure in Minuteman

Silo Operations", STL Report No. 9863-60I, 18 October 1961

"A Priori Determin_/tion Of The Number Of Missiles For Verificatior_ of

CEP Iiequirements For A Given Level of Significance and Efficiency of

Ground Operations", STL Report No. 9863-548, September 28, 1961

I I "IT'_ ' "_:easibility Of Standardizing SM-62 Trajector F Planning", Report No.
NOt'<.-60-105, Norair Division, Northrop Corporation, June I960

"SM-62 Mission Planning Guide" Repo.rt No. NOR--59-I49, Revision B,

Norair Division, Northrop Corporation

"A P.reliminary Evaluation of N-156t'" Maintait)ability" Report No. NAI-58-601,

Norair Division, Northrop Corporation, Janu'ary 19'58 .2..

• ' ' r- -

"A Comparisoff of Brenco Gun Gas Detector v/ith Bottle Sampling technique

InFllgh_ , Douglas Aircraft Co. Sept t955

DISSEi'_T AT I0 N

"Theory For Criterion ]Function Synthesis In Desig,f'

i

UCLA, March 1968
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.. °
. o

'<)n the I)etermlnationof Group t[e]ative Values for Maintenance Criteria"

- presented at Third 7knnua]. Gonvcntion "Society Of Logistics J£ngineers"

Los Ange]es, GalifornJa, Sept 5, 196.8." ..
.

.

"System Design GrlterJa as Probabilities" - prc_enfed to National

Meeting of ORSA. Philadelphia, November.7, 1968. .....
t

s

0
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VITA

EDWIN G. TRINER

15427 Baybrook Drive

Houston, Texas 77058

Married 2 children 5 feet ii 1/2 "185 pounds

Tel. 488-5650

}lealth good

1969-Present

'-'.Directorx Center for Management Studies and Ana]__sses , . . .

Chairman of the Department of Production and Logistics Management...

Special Assistant to the Dean of the College of Business Administra-

tion for Advanced Planning.

1967-1969

1966-1967

. _in$ Scientist at Serendipity Associates responsible for Pro-

gram Management. Prepared program plan_ developed organizational

structure and established resource allocation priorities for the Fire

Research and Safety Center of the Naiional Bureau of Standards . . .

As consultant to the Director of the Institute for Applied Technology

of the National Bureau of Standards, furnished a study plan for and

a briefing outline of the NBS project to investigate the development

of the performance concept for low cost housing. Assisted in the

development of the study strategy and of the structure of the final

report to }{UD . . . Planned and conducted a course of instruction

for the Building Research Division of the National Bureau of Standards

in the principles and methods of functional oral presentations. Course

was conducted by a combination of lecture, seminar and practicuum, . .

Performed a classified analytical study for the Joint Chiefs of Staff .

. . Conducted training session of the Chief for Research of the Bureau

of Medicine and Surgery, U.S. Navy and his staff on the applicability

of Planning, Programming and Budgeting concepts to the Bureau's re-

search program requirements . . . Critiqued for the Army•Materiel

Command the status of the development of a system/equipment/part iden-

tification and control numbering plan . . . Consultant to the Army

Materiel Co_nand technical director for the development and instal-

lation of a Technical Data Center . . . Developed for Bell Telephone

Laboratories the procedures for determining during the acquisition

of a computer based information system the qualitative and quanti-

tative personnel requirements for the new system.

. Staff Assistant to the Assistant Secretari of Defense for Sy__,

Analysis. Developed Manpo_er Cost Model for man/machine investment

trade-offs being used on three major weapons systems . . . Wrote De-

, partment of Defense (DoD) Directive on Manpower Resource Requirements

in System Design, Development, Operations and Logistic Support Plan-

ning . . . Assisted in development of Air Force Pilot Inventory

Model employed in the defense force structure analysis. Planned

and initiated the formation of a DoD Military Manpower Cost Study

Group whose function is to develop a manpower investment cost model
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to be employed in man/machine investment trade-offs . . . Introduced

capital/labor investment trade-off requirements during concept formu-

lation and contract definition in Navy ship systems such as LHA,

DX/DXG . . . Chaired the Summary and Critique Commit.tee of the Jan-

uary 1967 I1uman Factors Quantification Symposium. Developed the

specific recolmnendations contained in the Symposium Proceedings . . .

Established liaison between the Council of Defense and Space Industry

Association (CODSIA) and the DoD to investigate the feasibility of

establishing human factors data banks. . , Lectured in School of

Engineering at UCLA on "Systems Analysis/Systems Management: Aids

to Decision Making." . . Provided technical direction and consultation

for an operational test of the application of educational technology

to aircraft maintenance on the Presentation of Information for

Haintenance and Operation (PIMO) project.

1963-1966

• System Program Staff Officer in the Air Force Systems Command re-

sponsible for the formulation of Systems Management policy including

Systems Engineering and Planning, Progrslml_ing, and Budgeting (PP&B).

• . Co-developed the concepts of and instituted the procedures in the

Air Force for Contractor Data Management in weapon system acquisition

which has been adopted by the Department of Defense (DoDD 5010.]2).

Eliminated well over 500 da[a generating documents on Air Force con-

tracts with an estimated savings of 1--4% of weapon system acquisition

costs. Awarded the Oak Leaf Cluster to the Air Force Commendation

Ribbon for this activity. . . Integrated Contractor Data Management

with Systems Management in the weapons system environment. Briefed

some. 7500 managers at over 55 aerospace contractor plants on the

concepts and application of Systems Management. . . At the request

of the Canadian Government, conducted a training program for their

Department of Defense Production Board on Systems Management in-

cluding PP&B. This program was given to approximately ]50 key

Canadian officials. . . Devel6ped a television program entitled

"ABC's of Systems Management." This has been shown to well over

750 audiences throughout the United States, Germany, England, and

Canada. . . Taught each Air Force System Program Office (SPO) class

the intricacies of Systems }lanagement. Have acted as consultant to

the SPO's on Data and Systems Management matters. . . Developed a

total management plan to address the problem of standardization as

a function of system design. This procedure is being adopted by the

Army and Navy as well as the Air Force. A 76 percent reduction in

unique electronic parts on one major missile system has resulted in

a cost avoidance of approximately $130 million. Received a Certif-

ihate of Merit from both Genera] Schriever, Systems Command, and

General Hobson, Logistics Command, for thins accomplishment. . . As

Consultant to the Assistant Secretary of Defense (Manpower) in the

• development of the Comprehensive Training and Education Program

(CTEP) Study, aided in the systems application of new instructional

technologies and methodologies, including computer based instruction

and educational television. . . Lectured at the National Science

Foundation supported Scientific and Technical Communication Sym-

posium at Colorado State University.
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1958-196]

1955--1958

• Associate Professor of Behavioral Sciences, United States Air Force

Academy. Organized and taught the first Academy courses in General

Psychology, Leadership and _nagement. Wrote four management cases

which have been published and are being used by the Academy and the

Air University. . . Developed course outline for the first Human Engi-

neering course at the Academy. . . Planned, instituted and supervised

the first Management Studies Laboratory. . . As Course Director of

Managerial Psychology, developed curriculum, Conducted in-service

education of faeulty and evaluated learning outcomes. . . Developed a

Cadet Rating Scale and a Characteristic Profile Scale employing factor

analysis techniRues. Both scales were made amenable to computer

handling.

. C o_n_m_and2rj_S_ecial Weapons Jet Fighter Squadron Ja_n. Responsible

for knowledge about targets, aircraft, and nuclear weapons. Inte-

grated maintenance planning and operational requirements to sustain

the highest aircraft availability of the squadron in the Far East.

The squadron flew consistently lO00 hours a month with 25 aircraft.

• . Trained and qualified bomb hou_anders to cover nuclear targets

in two months less time than authorized. . . Developed education and

athletic program for squadron which contributed to an improved re-

enlistment rate of 23 percent.

_55

• Assistant Professor, D_artment of Air Science university of Cali-

fornia (Berkeley). Conducted junior and senior seminars in Problem

Solving, Leadership and Management Theory and Theory of Small Groups.

• . Conducted independent research on the effect of audio-visual aids

upon the learning process. , . Was consultant to the Commander of the

Air University in the development of the Air Force Leadership Manual.

1950-1951

• Train_n Analysis and Development in the Air TrainingDirector_ g____:____

Coi_•_and. Revised academic curriculum and flight instruction method-

ology in the Air Force Pilot Instructor School resulting in a i0 per-

cent performance improvement by the trainees. . . As Training Equip-

ment Specialist conceived, tested and procured presentational aids

for use in flight training ground school instruction. The improvement

in student grades was significant at the one percent confidence

level.

education

1961-1963

UNIVERSITY OF ARIZONA Tucson, Arizona

• Master of Science (M.S.) Degree in Aerospace En_ineerlng_ in June

1963. Majored in Aeornautieal Engineering with a minor in mathematics.

Took overload courses in Systems Analysis and Computer Design, Engi-

neering Law and Machine Too] Engineering. Wrote Master's thesis on

Experimental Investigation of the Coanda Phenomenon ....Deflection of a

Jet Stream along an Unbound Surface.
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UNIVERSITY OF CALIFORNIA Berkeley, California

• Doctor of Philosophy_ (Ph.D.) in Educational Psycholo/_ l in June 1954.

General program of studies with a view to furtherance of understanding

...... broad area of management. Basic bdi]ding blocks included Learning

Theory, Personality Theories , Psychometrics, Perception, Motivation,

and Psychology of Individual Differences. Specialization included

Interpersonal Relations, Group Dynamics, Theory of Small Groups,

lluman Relations .in Management, Statistic_ and Experimental Design,

Was awarded a Master of Arts (M.A.) Degree in Educational Psychology

_ 1953.

. \

UNITED STATES MILITARY ACADEMY . West Point, N. Y, .

• Bachelor of Science(B,_.__S.__De3_ee .. General engineering education

with a balance of social sciences and humanities. Graduated in top

third of class. First in the class in the study of French. Najor

"A" for varsity track team for the hammer throw. Mender freshman

boxing te_m.. Mei_er of the handball club three years; president,

senior year.

early

round

&

outside

interest

• GREW ITP IN _[ETROPOLITAN NEW YOPO(. Attended public, elementary and

high school grades, in New York, graduating from Townsend Harris High

School as salutatorian. Elected to the National llonor Society.

President of the senior class; class representative to the student

legislature. Member of varsity chess and handball team. Boxed in

the 155-pound class. Entered college at the age of 15 1/2.

• Consulting with the local public school in applications of pro-

grammed instruction and educational technology. Associate Lecturer

at George Washington University teaching a graduate course entitled

"Human Relations in Management" in the General School of Business

and Personnel Administration. Enjoy sailing, fishing, camping, and

handball when time "permits.

• RECENT PUBI.ICATIONS:

An O_ional]ci ValidatedConcept for Imj_roving__is!em Effec_-

tiveness, proceedings of the Sixteenth Conference of the Society of

Technical Writers and Publishers, May 15, 1969.

Procedures for Determining_Operational u_q_lJtati_ve_and_Ou_an--

titative Personnel Requirements, Triner, Eberhard, and Byrnes, for

iguman Performance Technology Center, Bell Telephone Laboratories,

Serendipity Associates, February 1969.

-j.

Criteria and Methodology_ for Input and Output Device Selection__

and Format l)esign. Triner, Kolkowitch, Kolsrud, Evans, for Bell

Telephone Laboratories, Serendipity, Inc. June ]969. ;,_ _,
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Basic Technical Data Stora&e and Retrieval Prof_ram (BTDS_,
Triner and Siciliani, for Army Materiel Command,Technical Data
Centers, Serendipity, Inc. January 1969.

Performance Concept_for IIousi6g_for the National Bureau of

Standards, Serendipity Associates, July 1968.

A Systems Approach Applied to a Technical Data Problem - Sym-

posium Preceedines cf tile _n_erican Ordnance Association - 10th Annual

Meeting, May 1968. .

"" Fire Research and Safety. Center Implementatioff Plan for tile

National Bureau of Standard_____s_,Serendipity Associates, Dec. 1967.

Fire Research and Safety Center Plannin_ Concepts for the

National Bureau of Standards, Serendipity Associates, Sept. 1967.

A_lication of the. DoD P__ro_a__mmln__S_s!em at the Level of the

Research Division. Serendipity Associates, 1967.

_Systems Analysls_f_ssis/S,otems..... Manazement.'=-_... . Aids to Decision Makinf_

School of Engineering, UCLA, course e_titled "Application of Value

and CriterioL_ Function Theoi'y to Engineering Design," January 1967.

People - The Nation's Most Precious'Resource, Monograph, OASD

(SA), September 1966.

Information for Maintenance and Operation, Computer Based

Information and Instructional System - Proceedings of the EnginEer-

ing Systems for Education and Training Conference - DoD Office of

Education _ NSIA.

• , PIMO - Retrospect and Pro_.ct, Proceedings of the 1966 Society

of Technical Writers and Publishers Convention, May ii, 1966.

Eno_ineerin_ Desion - Key to Logistics Ma.najlement, TechniCal

Report of the Amer]_can 0rdm,nceAssoclatlon, April 27, 1966.

Stan_ardlzat_on Manas ement in Accordance withBlue Print for ......

System Management Procedu_res, Monograph, Hq AFSC Press, March 28, 1966.

Advanced Technical Manual Technology, 8th Annual Institute in

Technical and Industrial Co_nunication, Colorado State University,

July 6, 1965.

The Management and Science of Manual Devg]opment for Inter;rated

• "L_oj_istic Sup_port -Technical Manual Mana_lemen_t, Proceedings of the

DoD - NSIA Symposium, June 1965.

Technical Manuals in Transition, Proceedings of the 12th Annual

Society of Technical Writers and Publishers Convention, >lay 19, ]965.
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_S_fstems Manay_ement Control & Educatio_n, Proceedings of the AFSC

Com_nanders Conference, April ].965.

Data Maua_ement - Present and in Pro s_qec_t, Proceedings of the

Air Force - Industry Data Management Sy_uposium at Dayton, Ohio, Oct.

20, 1964.

Air For ce Olljectives and Progress in Advanced Technical Manual

Technology, Proceedings of the 1964 DoD- Industry Symposium of the

NSIA Maintenance' Advisory Con_mittee,

"-' Air Force Technical Manual Techn01o_g _ in Prosp_ec__t_,Symposium

Proceedings of the ORSA/STWP 10th Annual - ist International Meeting,

Sept, 18, 1964.

A Critical Look at Mana_erial____=______Psvcholo_yInstruction st the

U.S. Air Force Acadg_ff ., Monograph, Department of Behaviora] Sciences,

U.S. Air Force Academy, May 1960.

_O_eration Third Lieutensnt - An Eva'luation, Monograph, Department

of Behavioral Sciences, U.S. Air Force Academy, April 1959.

I



VITA

JOHN V. ZUCKERMAN

4040 San Felipe Road, Apt. 24B

Houston, Texas 77027

713 622-3140

September, 1969

EXPERIENCE

1969: Appointed Professor and Chairman, Department

of Behavioral Management Science_ College of Business Administration ,

University of Houston, in September, 1969.

1963-1969: Director, Research and Development Systems

Management Program, and Associate Professor of Management, University

of Southern California. First Director of Master of Science Program

under contract to AIR Force for officers and civilians with undergrad-

uate education in engineering and science. Seven classes have produced

183 graduates; one class of twenty will receive the master's degree in

1970. Developed curricula, reorienting program to emphasize quantita-

tive tools for decision-making and applications of behavioral sciences

in systems management environments. Devised research projects course

involving students in field analysis work in industry and government

R&D management organizations. Directed research to develop three major

systems management cases. Conducted research evaluation of use of a

large-scale computer simulation of organization as a system management

training means. Completed research to develop ten issue cases in finan-

cial management in the Air Force.

Chairman, Department of Management, 1964-1966;

twenty-three full-time, ten part-time faculty members. Augmented faculty

with science-trained personnel; stressed experimental research in manage-

ment. Planned management laboratory and recruited director. Introduced

advanced courses in organizational development into graduate curriculum.

Consultant in management and the application

of behavioral sciences. Frequent lecturer to business, government and

educational groups. Recent Studies:

Government -- in 1967, completed an evaluation

of the doctoral education program in humanities and sciences for the

Assistant Secretary of the Air Force (Manpower and Reserve Forces). In

1968, completed a study of comptroller education and future roles of

comptrollers for the Assistant Secretary of the Air Force (Financial

Management).

/

/



RESU_ - JOHN V. ZUCKERMAN March - 1968

Business -- Top management and organizational

succession studies; human resources inventory; criterion develop-

ment for incentive contract management evaluation; aerospace

company material management; research and development manage-

ment in an earth sciences company; establishment of social

sciences application group. Among clients: Hughes Aircraft

Company; Aerojet General Company; Humble Oil Company; Wells

Industries Corporation (Director, 1966 to 1967);Dames and Moore.

Education -- Consultant to the President,

Cleveland State University, 1967, on long-range plan for the

College of Business Administration.

Consulting Staff Assistant to the Manager,

Systems Applications, System Development Corporation, 1963-1967.

Charted a plan to study SDC technology as it applied to defense

and non-defense utilization. Completed a corporate-wide study

on simulation technology. Conducted exploratory development on

the use of computer-based organizational simulation for manage-

ment training. (Part-time appointmenL)

1961 to 1963: Deputy Director_ Bureau of International

Business Operations, U.S. Department of Commerce. Direct

appointment, FSR-2, Foreign Service Reserve, with assignment

to direct U.S. trade promotion and commercial intelligence

activities world-wide. Direct-line supervisor of an 800-employee

unit. Responsible for trade fairs, centers, and missions.

Directed trade fairs in developing countries for U.S. information

Agency.

Sponsored the first systems analysis study of

the flow of international commercial and economic information which

led to automation and streamlining of services in the State and

Commerce Departments. Supervised Brookings Institution Senior

Public Affairs Fellows from industry in an organizational study

which was implemented by Secretary Hodges_ Appointed Acting

Director of the Bureau and thereupon recommended its consolidation

with the Bureau of International Programs into the Bureau of

International Commerce. Completed consolidation and was named

Director of International Trade Promotion in the surviving Bureau.



RESUME JOHNV. ZUCKER_LEN March - 1968

1960 to 1961: Regional Sales Manager, Ampex Magnetic

Tape Products Division, Ampex Corporation. For one year,

as part of personal career development plan, managed a

five-state region, including Washington, D. C. Established

manufacturer's representatives, selected industrial distribu-

tors, made direct sales to government offices. Negotiated for

approval of Ampex Computer tape on the buying lists of the

General Services Administration. Tripled sales volume in

one year, against the competltion of the 3M_Company which
held 85% share of the market.

1955 to 1960: Corporate Director of Personnel and Indus-

trial Relations, Ampex Corporation. When company had 500

employees, began as head of plant engineering, offices services

and employee/labor relations. As company grew in 4½ years to

5000 employees, developed industrial relations activities into

the full array needed in a growth company based on technology.

Supervised up to 125 employees.

Some highlight achievements -- Negotiated

a joint program of job grading with the International Assn.

of Machinists which became a landmark contract, permitting

changing craft union grades into industrial grades for elec-

tronics and complex-electro-mechanical operations. When

company was divided into six autonomous divisions, decent-

ralized personnel operations, kept small policy staff. Directed

corporate data processing activity during early acquisition of

random access memory unit. Guided document storage and retrieval

study leading to establishment of technical information service

at corporate level.

1948 to 1955: Research Scientist and Research Administrator.

Army, Navy and Air Force sponsored programs. Conducted field

experiments on audio-visual learning and military training at

Great Lakes Naval Training Station (Pennsylvania State University

Instructional Film Research Program, under contract to ONR).

Completed field evaluations of learning from

training films on the F-86A aircraft at 14 Air Defense Command

locations. Designed and carried out at Williams AFB a predictive

experiment to improve instructional film-making methods (Human

Resources Research Laboratories, U.S. Air Force).

r 3 -



RESUME - JOHN V. ZUCKERMAN March - 1968

Directed projects in psychological warfare

research for the Army; planned and reported research progress

as Assistant to the Director, Human Resources Research Office.

(The George Washington University, under contract to the Army).

1947 to 1948: Director'_ Radio Workshop and the Audio-Visual

Aids Program, Stanford University. Implemented faculty committee

study to increase use of audio-visual technology in instruction

at the university level. Prepared recommendations for establish-

ment of a university-wide audio-visual service facility. As

additional duty, taught courses in radio broadcasting in the speech

and drama department. Monitored student broadcasting station.

Taught in summer institutes co-sponsored by National Broadcasting

Company.

MILITARY SERVICE

Enlisted in Army Signal Corps Reserve, 1942. Completed radio and

electronics physics courses as civilian employee. Called to

active duty in 1943, assigned to Office of Strategic Services.

Taught and handled administrative duties in communications

schools. Assigned to Signal Corps Officer Candidate School,

commissioned 2nd lieutenant, 1944, and returned to OSS. Super-

vised classified propaganda operation in U.S. and Saipan.

In 1945, served as Chief, Shortwave Operations Section, Armed

Forces Radio Services. Reduced staff one-third while maintaining

wartime level of operations, through 1946. Captain, U. S. Army

Signal Reserve, transferred to U.S. Air Force Reserve in 1948.

Mobilization designee, Human Factors Division, Deputy Chief of

Staff for Development Headquarters, U.S. Air Force, 1951-53.

Resigned commission in 1953.

EDUCATION

1949 to 1951: Stanford University, California - Doctor of

Philosophy, in psychology, April 1951. Studies in experimental,

social and industrial psychology, minor in Asiatic and Slavic

studies and Russian language. Major fields: learning theory,

personality theory, psychometrics. Specialization: personality

measurement methods and experimental design. Elected to Sigma Xi.

Graduate Research Assistant, sponsored by Department of the

Army Medical Specialists Research Project.

J iil't

)
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1947 to 1948: Stanford University, California - Master of

Arts, in psychology, August 1948. Combined undergraduate and

graduate program without undergraduate degree. Major Fields:

social psychology, psychology of art and music. Specialization;

Measurement of the effects of mass communication media on attitudes.

(University faculty member, as indicated above). Honorary member,

student dramatic society, Ramshead.

1939 to 1942: Universfty of Chicago - Freshman and sophomore

studies in sciences, humanities. Senior and graduate courses in

electronics physics and mathematics, sponsored by U.S. Army

Signal Corps. Ranked sixth in class of eighty.

ORGANIZATIONS

Fellow, American Psychological Association and American Association for

the Advancement of Science; Diplomate in Industrial Psychology

of the American Board of Examiners in Professional Psychology.

Member, Academy of Management, The Institute of Management

Sciences; Beta Gan_na Sigma, business honorary; Sigma Xi;

psychologist, State of California.

PERSONAL DATA

Married: 3 children. 6 feet, 3½ inches, 220 pounds. Good health.

Avocations: Music and Theatre. Vice President, Director and per-

cussionist, Brentwood Symphony Association. Enjoy hiking in

the mountains when time permits.

Biographies in: American Men 6_ Science; Who's Who in America.

Security clearance: TOP SECRET, Office of the Secretary of the Air
Force.

SELECTED PUBLICATIONS

Testing with a pre-release filmstrip as a means of predicting factual

learning from a training film.

Human Resources Research Laboratories, Department of the Air

Force, Memo Report No. i0, 1951.

Interest test item response arrangement as it affects discrimination

between professional groups.

Journal of Applied Psychology, Volume 36, 1952.

Medical Specialists Preference Blank (a test for personnel guidance

purposes -- With co-authors Strong, Tucker, Holmen, Gary, Adamson.)

Copyright 1952, Stanford University.
f

-5-



RESUME- JOHNV. ZUCKERMAN March - 1968

Commentaryvariations in instructional films; their effect on learning
perceptual motor tasks.

Journal of Communication, Volume 2, 1952.

Improving the Utilization of Research Results: the Role of the Research

Manager.

Presented to Working Conference on Research Program Effective-

ness_ Office of Naval Research, July, 1964.

Psychology should be useful. In Symposium: the Place of Psychology

in Graduate Schools of Business Administration.

Presented to the American Psychological Association annual meeting,
September, 1966.

Challenges for the future of program managers.

Presented to the Second Annual Symposium on Program Control,

National Contract Management Association, March, 1967.

Management system training using Leviathan (A Complex Computer-

ized Organization Simulation).

System Development Corporation (With co,author Holmen)

Technical Manual 3727, December, 1967.

Cases in Systems Management.

Three policy cases developed for the Air Force Institute of Technology_

University of Southern California Research Institute in Business and

Economics, December, 1966.

Cases in Financial Management in the Air Force.

Ten policy and issue cases developed for the Air Force Institute of

Technology, University of Southern California Research Institute in

Business and Economics, September, 1969.

- 6 -



To

Dept.

Subject

Dr. John Allred

NASA Grant NGR 44-005-021

University of Houston

Inter-Office Memorandum

From

Date

D. Reginald Traylor

December 12, 1969

The following information is submitted to you as per your request of

September 30. The two statements below summarize research which was sup-

ported under NASA Grant NGR 44-005-021.

A. The main topic of the research was Schauder bases for functions

analytic in multiply-connected regions in the plane. In a previous re-

search effort (Polynomial Bases for Compact Sets in the Plane, Trans. Amer.

Math. Sac., Vol. 132, No. 2, 1968, pp. 541-551) the present researcher in-

vestigated Schauder Bases of polynomials for functions analytic on compact

sets whose complements are connected and possess Green's functions with

pole at infinity. For such sets, Schauder bases of interpolation poly-

nomials are easily constructed, the topology of the function space being an

inductive limit topology. These absolute bases were used to consider

effective polynomial bases, whose coefficient functionals are defined by

infinite matrix multiplication.

In the research supported by the present grant, and in research im-

mediately following upon this, attention was turned to multiply-connected

sets. For any region D of finite connectivity, whose boundary consists

of analytic Jordan curves, an absolute Schauder basis of rational functions,

with poles in the complement of D, was constructed. (D was not assumed
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bounded.) This absolute basis was used to consider effective bases of

analytic functions on D, whose coefficient functionals are given by in-

finite matrix multiplication. Conditions for effectivity were derived,

and a construction was given for extending a basis for a simply-connected

set associated with D, to a basis for D. This research has been submit-

ted for publication under the title: Analytic Function Bases for Multiply-

Connected Regions.

Natural questions which arise from this research are the following:

(i) Can the restriction of finite connectivity of D be dropped? The

researcher is convinced that all theorems can be extended to the case that

D possesses a Green's function. (2) Does every domain D have a Schauder

basis of rational functions? The researcher feels that this is probably

true, and may be able to be proved by considering D as an increasing union

of domains of finite connectivity which possess Green's functions. (3) What

subsets of the Cartesian product of several copies of the plane have Schauder

bases for the analytic functions of several complex variables? The researcher

is convinced that any polydomain, in which each factor possesses a Green's

function, has such a basis, and that perhaps any polydomain has a basis.

(4) What subsets of the Cartesian product of countably many copies of the

plane have Schauder Bases for the analytic functions of infinitely many

complex variables? The researcher feels that a method for dealing with

analytic functions of infinitely many complex variables can be evolved

which will free them from the necessity of being locally functions of

finitely many variables. (5) What are Schauder Bases for the set of

functions continuous on a compact set K and analytic at each interior

point of K, with the sup norm topology?
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B. (1)

and _ and _ nonnegative regular Borel measures on

tively such that _(M) > 0 and _(N) > 0, and if h

and continuous on M X N, then there exist functions f

and continuous on M and N, respectively and a number

_ fhgd_ = 1 on N and _ fkgd_ = M. and
c on f, g,

uously on h and k.

It was shown that if M and N are compact topological spaces

M and N, respec-

and k are positive

and g positive

c > 0 such that

c depend contin-

As a consequence the following theorem holds: Let

•.. Cl, ..., c be givenA be a positive N X M matrix and let rl, ' rn' m

positive numbers with _ r. = _, c.. Then there exist diagonal matrices
l ji j

D I and D 2 with positive main diagonals so that DIAD 2 has row sums r.l

and column sums c.. The matrix DIAD 2 is unique• D I and D 2 are unique]

up to a scalar multiple.

It was shown that if A is an N X N nonnegative fully indecomposable

matrix whose positive diagonal products are equal, there exists a unique

positive N X N matrix B of rank one such that b.. = a.. if a.. > 0.
l] 1j 1]

As a consequence it follows that a doubly stochastic matrix is characterized

by its diagonal products: no two doubly stochastic matrices has proportion-

al diagonal products.

This latter research led to the discovery of the concept of the nearly

decomposable matrix from which a conjecture of Marshall Hall was settled

affirmative: let _ denote the set of N × N (0,i) matrice,in the with

k ones in each row and each column. Then lim Min per A = + o0 if k > 3.

N-_ A_I _

This would follow from the famous Van der Waerden conjecture which states

N'.
that Min per A > -- where % denotes the N X N doubly stochastic

AE% NN
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matrices. Hall's comJecture was proved true independent of the truth of

the Van der Waerdenconjecture.

It has been further shownthat if A is N X N nearly reducible

and doubly stochastic, then A is necessarily a full cycle permutation

matrix. As a consequence it is shown that for A nearly decomposable

(0,i), per A _ I.

(2) Theses and Dissertations.

Three masters theses:

"An investigation of the relationship between arbitrary positive

matrices and doubly stochastic matrices". (Jack William Crosby, 1967).

"Nonnegative matrices with prescribed row and column sums".

(Jean Rogers Edwards, 1968), and

"Concerning the set of doubly stochastic positive semidefinite

matrices". (John Raymond Monroe, 1969),

and one PH.D. dissertation

"On the structure of certain matrix classes", (Darald J. Hartfiel,

1969), has resulted directly from this research. Three students, Edwin Roberts,

Jack Crosby and Mark Hedrick are considering dissertation problems connected

with this research.

(3) Publications.

I. "A note concerning simultaneous integral equations" (with Paul Knopp)

Canadian J. of Math., 20 (1968), 855-861.

2. "Problems involving diagonal products in nonnegative matrices" (with

Paul Knopp) Trans. Amer. Math. Soc., 136 (1969), 67-75.
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3. "Concerning a conjecture of Marshall Hall", Proc. Amer. Math.

Soc., 21 (1969), 197-201.

4. "Concerning nearly decomposabledoubly stochastic matrices" (with

Mark Hedrick) submitted to the J. of Algebra.

(4) Research Status.

The DIAD2 is solved for positive matrices but is not completely

settled for nonnegative matrices. Work is to be continued to find for

which such matrices the D's exist and if they can be obtained constructive-

ly when they do exist.

Since the "fill in" matrix problem is solved for the case in which the

Nth order symmetric functions of the positive diagonals are equal, it

would be of interest to study the samequestions for lower order symmetric

functions. A partial result has already been obtained by Mark Hedrick for

the first order function.

The fact that the Marshall Hall theorem is true gives little insight

into the Van der Waerdenproblem. T_e Van der Waerdenconjecture, for
p

example, shows that lim Min (per A) n m _ if k e 3 while estimates

obtained for the Hall conjecture only show that

I

lim min (per A) n _ I.

n-_° A6_

Work will be carried on to improve this estimate -- even perhaps to the

extent of settling the Van der Waerden problem.

Hedrick has shown that if A is a nearly indecomposable (0,i) matrix

and p is a permutation matrix so that PA has a positive main diagonal,

then PA - I is nearly reducible and thus per (PA - I) _ i. Nevertheless
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almost nothing can be said as yet about per A = per PA. Work will be

continued in this direction.

It would be of special interest to know the cycle structure of the

of matrices in _. This would help make clearpositive diagonals many

of the problems connected with upper and lower bounds for permanents of

Marshall Hall matrices. It should give a great deal of insight into the

Van der Waerdenproblem -- a conjecture which has remained unsettled

since 1926_



t

CHEMICAL I ENGINEERING

The NASA supported Program being carried out in the

Chemical Engineering Department includes analytical and

experimental studies directed toward development of entirely

new measurement techniques and interpretation of the results

obtained.

Much progress has been made toward the experimental phase

of the project. Extensive measurements (i) of the turbulence

properties have been made for a rough surface (triangular shape)

using a conventional anemometer and reliable data has been

obtained (2) with the laser anemometer for smooth surface channel

flow.

The laser anemometer system has been further modified during

this period to improve the quality of data and to reduce the

difficulty in making measurments. Attached as an appendix is

the mathematical development of the techniques involved in these

modifications. In addition to improvement in the electronic

data processing, a more reliable, narrow range particle generation

system (developed at NASA, Marshall Center, Huntsville, Ala.)

has been included. Work will continue on these and other points

in order to reduce the difficulty in acquiring the high accuracy

data needed to carry out this study.

Data for the turbulence properties obtained from the laser

anemometer are presented in Figures i, 2, _ and 4.

Figure 1 presents a comparison of turbulence intensities

(axial, u' and normal v') as a function of position. Good

agreement with hot wire anemometer measurements is apparent.
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2
Figure 2 shows uv/u, (shear stress ratio) results for a slightly

rough surface (oil droplets)as measured by both hot wire and

laser anemometers. Figures 3 and 4 are preliminary results obtained

in the wall region. These data will be further processed to im-

prove the accuracy. This is necessary as the turbulence is inter-

mittant in this region and long integration times are needed to

obtain a reliable average value. The equipment necessary to do

this will be available shortly.

The rough surface measurements, using the hot wire anemometer,

were made over a triangular roughness (1/4 inch peak to valley,

wave length 1.0 inch) in a rectangular flow channel of 13:1 as

pect ratio. Measurements included mean velocities (U, V), turbulent

fluctuating velocities (u', v') and one component of the shear

stress tensor, uv. In addition, estimates were made of the

turbulence scales by using the energy spectra. The effects of

axial and normal position as well as Reynolds number were investi-

gated•

One result of this study is the determination that similarity,

as applied to smooth surfaces does not apply to this rough surface•

The primary limitation lies in the failure to include the effect

of normal, mean velocity gradients which necessarily result from

flow over rough surfaces. It appears that all attempts to adjust

the shear velocity, u,, to achieve similarity are neglecting the

primary issue. That is, it must include a roughness parameter

which accounts for the contribution of the non-axial or secondary

type flow noted above. In addition, it is also apparent that

the use of the shear stress, u-_, deviation (or Au + idea) from

smooth surface value will not generally be useful. Although



•

form drag is certainly present; its effects are innately included

in the momentum equation and is thus accounted for is all quantities

are known.

This study further confirms that the region (y < 0.2D),

including the valley area between roughness elements must be

extensively explored in order to develop predictive techniques

which will account for the roughness effect.

Present plans are to use the laser anemometer to make

extensive measurements in this region and to proceed at the

same time with the analytical studies already underway•

REFERENCES:

i) Yost, A. M., "An Investigation of Turbulent Flow over a

Triangular Roughness", M.S. Thesis 1969.

2) Gaddis, E. C., Jr., "Observations on the Development of a

Two-Optical-Channel Laser Doppler Anemometer" , M.S. Thesis, 1968.

3) Worley, F. L., Jr., et al, "The Practical Application of

the Laser Anemometer for Fluid Flow Measurements", Proceeding

of the Electro Optical Systems Design Conference, Sept. 1969.
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PRINCIPLE OF OPERATION

A number of optical arrangements can be utilized for

both single and multiple component fluid velocity measure-

ments. The optical system utilized to obtain the one com-

ponent data presented herein is shown schematically in

Figure 5. Light of wavelength I emitted from the laser is

focused to a position in the flowing'fluid by means of lens L I.

From this position a small portion of the beam is scattered

through angle 8. The scattered light, shifted in frequency

because of the Doppler effect, is collected by lens L2, passes

through the beam splitter and is focused on the photocathode

surface. The unscattered portion of the laser beam is collected

by lens L3, attenuated by a neutral density filter, reflected

at the front surface mirror M 1 and rotated by the beam splitter.

The beam splitter and the mirror are adjustable and are used

to align the incident beam (unscattered light) with the scattered

light. The two beams are made to coincide in the region between

the beam splitter and the photomultiplier tube. When the fore-

going conditions are obtained optical homodyning occurs and one

notes an AC output from the photomultiplier tube. If the sine

wave is monitored with an oscilloscope, and the neutral density

filter is adjusted to produce the maximum signal to noise ratio,

the optimum incident beam to scattered beam intensity ratio and

maximum homodYning efficiency will have been obtained.

o
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The Doppler shifted frequency, fD' from a scattering,

center fixed in a reference frame which has a velocity

relative to a laboratory fixed frame is given by

=--' I%,-I<.•
zIT

where

cident radiation respectively.
#w

IK, I = I ol = K

(i)

_ and k_ are the .wave vectors of the scattered and in-

For nonrelativistic motion

and K _- _TJ____
A

where I is the wavelength of the incident radiation and n is

the index of refraction of the media. Substituting into

Equation (I) one obtains

(2)

_)_ _{ _A_ when _= _/_

where the angles A and B are defined in Figure 5.

The frequency of the scattered light entering the homodyning

region is therefore

(3)

i0.

Where f is the frequency of the incident beam emitted
O

from the laser. Light with "frequencies fo and fs are made coin-

cident in the homodyning region. Partial homodyning results

in signals corresponding to the following equations



(4)

11.

The last of this set is, of course, equivalent to two sig-

nals with frequencies equal to the sum and difference of the

original frequencies.

So, under ideal conditions, four signals represented by the

following equations are received by the photomultiplier tube.

,°

(5)

The first three frequencies are 5 x 1014, 5 x 1014 and 1015

cycles per second respectively, which is beyond the range of

the photomultiplier tube. The fourth frequency (fs-fo = fD ) is

proportional to the velocity of the scattering particle and the

angle 8, and lies within the response range of the photomultiplier

tube. Therefore, the photomultiplier tube acts as a low pass filter

as well as a light to AC signal converter and amplifier. In the

ideal case the output of the photomultiplier tube is therefore

(6)



12.

Of course, an ideal signal conforming to Equation (6),

is not recovered from the photomultiplier tube. First the

signal contains random noise which is predominantly photo-

multiplier tube shot noise and noise produced by non-

homodyned light that reaches the photocathode. Equation (6)

is modified to include this condition as follows

0

Second the signal contains random amplitude modulation that

primarily results from the phase difference in light scattered

by particles at different axial positions in the sampling volume.

Although the diameter of the sampling cross section is restrained

with apertures to 2 x 10 -4 inches the focal depth ranges from

3 x 10 -3 to i0 x 10 -3 inches. The latter dimension is determined

by the scattering angle and the optics and the optical arrange-

ment used to focus the incident beam. If one notes the difference
%

in the path length of incident light scattered from the extremities

of the focal depth, one readily ascertains that a difference of

several wavelengths exists under optimum conditions. Since the

distribution of particles in position and time is mutually

Gaussian, a Gaussian distribution of interference is produced

in the homodyned signal. This appears as random amplitude modu-

lation in the output of the photomultiplier tube. Equation (7)

is modified to include this condition as follows

(8)



where fm is the amplitude modulation frequency.

An additional problem that results from small number

statistics that characterize scattering from sampling volumes

utilized in laser anemometry, is amplitude variation. This

condition is partially represented mathematically by modifying

Equation (8) as follows

13,

(9)

• =

where fa is the frequency of amplitude variation.

Of course, the foregoing condition also produces randomly

distributed periods in which no signal is produced. For no

better terminology one might affectionately coin the phase

random drop-out to descirbe this condition. Mathematically

this condition can be represented as follows

where the E
pm

{i0)

(t) = 0 periods are randomly distributed in time.



Equation (I0) is a fairly accurate representation of

the terms that appear in the signal. The physical explanations,

however, are overly simplified. For example, the difference

in path lengths between the incident and scattered beams con-

tribute to amplitude modulation, intensity variation in the
A

two beams contribute to the noise, the lack of E vector align-

ment (polarization of the beams are not precisely colinear)

produces a superimposed, noisy DC component, and an inherent

uncertainty in angular alignment produces an inherent uncertainty

in the frequency of the Doppler signal. The uncertainty in angu-

lar alignment, however, is normally reduced to a negligible value

by utilizing an arrangement of apertures and image magnification.

14.



15.

Recognition of the problem at this point is straight-

forward. One must recover f as a continuous function of
s

time. This requires measuring fs in a signal represented

by Equation (I0) without the influence of the other terms

and holding the last value of fs measured prior to each

drop-out period through that period. Performing this opera-

tion electronically is by no means straightforward. Before

the readout system was designed a limited number of low-

frequence signals for pipe flow were down mixed, recorded on

tape and numerically processed in order to help ascertain the

distribution of the frequencies fa' fm and drop-out for different

optical and flow conditions. This information also allowed proof

of existence of the desired flow information in the signal. The

readout system was designed to essentially reproduce the operations

performed numerically. One can also note the conditions represented

in Equation (i0) by viewing the signal on the oscilloscope in the

s_ngle-sweep mode on different time scales. Figure 2a is a film

of a typical one megahertz signal (_ = 12 fps) viewed on single

sweep using an 0.5 microsecond per centimeter time scale setting

and Figure 2b is a film of the same signal using a 50 microsecond

per centimeter time scale setting.

One's first tendency is to attempt to measure the time mean

flow and the turbulence of intensity with a spectrum analyzer.

The spectrum analyzer samples a fixed bandwidth (determined by the

resolution) with a center frequency that increases with respect to

time at a fixed rate (sweep rate). If the frequencies in the sig-

nal correspond to the conditions listed above and if the conditions



contributing to these frequencies are invariant under a

translation in time equal to the time interval required

to sweep the frequency band in question, the spectrum

analyzer will display a normal distribution. In this case

the time mean average of the flow is equal to the frequency

at which the pulse that appears on the spectrum analyzer is

a maximum. The frequency at which the maximum occurs, the

most probable frequency and the mean frequency are equal for

a normal distribution. Therefore, under the conditions stated

above one can obtain mean flow measurements with a spectrum

analyzer. However, one must note that flow conditions exist

for which the distribution of fs' fa' and fm and various com-

binations thereof are not normal. Under these conditions one

cannot measure mean flow with a spectrum analyzer.

Unfortunately no turbulence information can be obtained

with a spectrum analyzer. Since the spectrum analyzer roughly
%

displays the time average of the frequency content of the signal,

fa' fm and the drop-out frequency appear in the trace. Under

normal conditions all of these frequencies fall within or near

the frequency band of turbulence. Therefore, the half-level

width of the spectrum analyzer trace is approximately the sum

of the half-level width of the turbulence distribution, the

modulation frequency distribution, the amplitude variation fre"

quency distribution and the band width viewed by the spectrum

analyzer. The total half-level width is normally several times

16.
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greater than the contribution made by turbulence, so even if

all of the extraneous terms could be evaluated and correlated

an accurate recovery of turbulence would be next to impossible.

A second and third component can be obtained by repeating

the basic components of the one component system.

The Doppler equations for this configuration are readily

developed by substituting the appropriate expressions for the

Considering the casemulticomponent case into Equation (i).

illustrated in Figure 2 where

and substituting into Equation (I) one obtains

(ii)

(12)



where foU

fD D

A
= Doppler frequency for the upstream case

A
= Doppler frequency for the downstream case

For the configuration used to obtain the test data shown

herein _ = 45 ° and 8 was small therefore

(14)

Since 8 was small and V < V << V for the flow conditions
y z x

investigated, the last term was negligible and

It is noted at this point that all of the problems that

existed in the one component anemometer signal exists in these

signals with two additional difficulties. First both scattered

beams must be aligned with the incident beam sufficiently close

to the same scattering angle 8 and the projection of both aligned

segments must intersect sufficiently close to the same point to

produce the desired accuracy in the correlation of the V x and V z

components, and this task is much easier to state than to accom-

plish. Second, the Doppler frequencies must be recovered from the



19.

photomultiplier tubes avoiding the terms discussed in the

one component system, with the additional requirement that
U D

the Voltage to frequency conversions for fD and fD must

be accomplished in phase. With the foregoing conditions

met, the output of each readout channel is the frequency to

conversion of fD u and fD D_ on the same time basisvoltage

(17)

At this point the output of the two component laser anemometer

is on the same basis as a two component hot wire anemometer

with the additional ease afforded by having equal weighting

of the two components. To obtain Vx(t) and Vz(t), one simply

uses a standard correiator to sum and difference Vu and V D-

For the data presented herein a standard correlator and a true

RMS meter were used to obtain the values of intensity of tur-

bulence and shear stress.



DEPARTMENT OF CHEMISTRY

ATOMIZATION EFFICIENCY AND QUANTUM EFFICIENCY

IN ATOMIC FLUORESCENCE FLAME SPECTROMETRY

Components were assembled into a versatile flame spectrometer

system, suitable for research in atomic emission, absorption and

fluorescence flame spectrometry. For the construction of

electrodeless discharge tube sources, a vacuum system was con-

structed. Evaluation of the electrodeless discharge tube sources

is in progress. Studies of atomic absorption and atomic fluor-

escence phenomena with these primary sources are continuing.

Additional studies of sulfur and phosphorus emission from

chilled hydrogen flames are also in progress. These results

will be important in water pollution, biological, catalytic poi-

soning (petroleum), forensic, and many other areas of trace

analysis. ( by Dr. Claude Veillon, Asst. Prof. Chemistry)

RESEARCH IN QUANTUM SCATTERING THEORY

Research was carried out on a number of problems in scattering

theory, with particular emphasis on processes of importance in transfer

phenomena in gases and the theory of chemical reactions. The work

ms_vbe conveniently divided into four general areas of interest.

First we have been concerned with the role of internal degrees

of freedom in making possible the formation of meta-stable collision

complexes. Both atom-diatom and electron-diatom systems have been

studied. It was found that a qualitative and even semi-quantitative

description of pressure effects on the low energy drift motion of

electrons in molecular gases could be achieved by postulating

virtual excitation resonances involving the molecular rotational

states. (1). Unfortunately, attempts to make the theory more rigorous

have been unsuccessful to date and further research on this subject

is planned. The research on compound state resonances in atom-diatom

collisions has been extremely fruitful. We have developed very practical

methods for calculating resonance en_gies, widths and shifts. (2).

This work is continuing and shows great promlse for future computatlons

on various systems of interest. Also, further theoretical research on

the problem is underway.

Second, we have succeeded in developing a rapid new method for

solving the integral form of the Schrodinger equation for scattering

or bound states. The method is applicable for calculating .the wave

function or for direct computation of the T or R matrices. (3).

We have been carrying out a number of test calculations and it appears



the method is capable of both high speed and accuracy. These
studies are also continuing and are extremely exciting.

Third we have succeededin developing a new approach to the
calculation of reactive scattering cross sections. This work is
closely related to the integral equation techniques which resulted
from the research summarizedin the above section. It has also
been possible to gain new insight into the difficult problem of
how to take practical account of the non-orthogonality of initial
and final states. (4). This research is also being actively pursued
at present and we expect to obtain other very exciting results.

Finally, the fourth area concerns the theory of atom-atom
collisions. Wehave madeconsiderable progress in understanding the
manner in which the infinite ranged coupling matrix elements should
be treated. A discussion of the H+-H collision system is presently
being written up in collaboration with C. F. Curtiss, and new
approaches to the problem have been initiated. This work must still be
considered in the formative stage, however, in spite of the progress
which has been made. (by Dr. Donald J. Kouri, Asst. Prof. of

Chemistry; the references at the end of this report are

based in part on work supported under this grant).

RESEARCH IN BORON-NITROGEN CHEMISTRY

A Picker-Nuclear Minimass Mass Spectrometer has been purchased

to aid in the investigation of the reaction of lithium nitride with

Lewis acids. We have preliminary evidence that the compound Li_N.3BF
B

is readily formed. Compounds analogous to this one are expected

to be precursors to a relatively little studied class of compounds

called triborylamines. Triborylamines are of fundamental interest

since their structure may be planar or pyramidal depending on the

A
Li3N'3BX3 ?--_3Lix + N(BX 2)3

the bonding between nitrogen and boron. If the N-B bond is a simple

single bond the structure will be pyramidal like most amines, but if

there is active pi bonding between the lone pair of electrons on

nitrogen and the empty p orbitals on boron, the structure should be

planar. Thus structural studies could reveal valuable information on

pi bonding between p orbitals.

A second area of a more applied nature is the study of i:i lithium

nitride-boron trihalide adducts. It is envisaged that pyrolysis of

such compounds could lead to a series of reactive intermediates for

the formation of polymeric B-N materials.



Boron-nitrogen compoundsshow a pronounced tendency toward
cyclization such that the intermediates may not be isolatable.
Careful thermal analysis may indicate the conditions necessary
for intermediate materials to be isolated, however and, if so,
these could conceivably be used to prepare new polymeric boron-
nitrogen compoundswhich might have useful properties as special
purpose materials. ( by Dr. Russell A. Geanangel, Asst.
Prof. of Chemistry).

REFERENCES

l,

o

.

.

Rotational Resonances in Electron-Diatom Collisions, J. Chem.

Phys. 49, 5205 (1968); Evidence for Low Energy Resonance

Scattering States, with L. Frommhold and W. N. Sams, Bull.

American Phys. S.c. II, 1__4,264 (1969); Resonance Scattering

and the Drift Motion of Electrons Through Gases. II. with

L. Frommhold and W. N. Sams, Phys. Rev. 18___4,252 (1969).

On the Theory of Atom-Diatom Collisions. II., J. Chem. Phys.

49, 4481 (1968); The Theory of Atom-Diatom Collisions. III.

An Integral Equation Formalism for Level Widths and Shifts,

with W. N. Sams, J. Chem. Phys. 52, 0000 (1970).

Non-Iterative Solutions of Integral Equations for Scattering.

I. Single Channels, with W. N. Sams, J. Chem. Phys. 51, 4809

(1969); Non-Iterative Solutions of Integral Equations for

Scattering. II. Coupled Channels, with W. N. Sams, J. Chem.

Phys. 51, 4815 (1969); Non-Iterative Solutions of Integral

Equations for Scattering. III. Coupled Open and Closed Channels

and Eigenvalue Problems, with W. N. Sams, J. Chem. Phys. 52,

0000 (1970); Non-Iterati_e Solutions of Operator Integral

Equations. I. Basic Formalism, with W. N. Sams, to appear in

Phys. Rev. (1970).

The Theory of Reactive Scattering. I. Homogeneous Integral

Solution Formalism for the Rearrangement T Operator

Integral Equation, J. Chem. Phys. 51, 5204 (1969).



D. Research in Electrical Engineering

Research participation by the Department of Electrical
Engineering in the NASA Multidisciplinary grant has been
somewhat sparce. The Department delayed commencement of its
activities for one year in order to allow the Mathematics
Department more funds during the first year. Since the time
of commencement the Department of Electrical Engineering has
utilized the funds allocated to help support research projects
in a variety of areas. Among these has been research into
the problem of light scattering from aerosols. This work has
been carried out in conjunction with the Environmental Science
Services Administration, the NASA Multidisciplinary grant
and departmental funded research. The work has been under
the direction of Dr. D. R. Williams and Mr. J. T. Gajjar who
is a Ph.D. student in the Department of Electrical Engineering.
A complete system including a special purpose computer,
optical scattering chamber, an extremely sensitive detector,
and an aerosol generation and scavenging scheme has been
constructed and data is presently being taken to complete this
particular project.

Another project which has received support under this
grant was the development of an adaptive character recognition
machine. This particular machine was developed and constructed
by Mr. William Perry Simonds as the subject of his Master's
thesis. Mr. Simonds has received a Master of Science in
Electrical Engineering and the character recognition machine
is being utilized by the department in conjunction with some
other problems and projects in digital systems analysis. This
work was under the direction of Dr. James D. Bargainer and
was predominantly supported by grants from National Science
Foundation with monies from the NASA Multidisciplinary grant
being utilized to purchase some special purpose instrumentation
and components for the construction of the machine.

One Ph.D. candidate, Mr. John Nemec, was appointed as
a Research Assistant on the Multidisciplinary grant during
the Fall 1967 semester. During this time he was instrumental
in designing and constructing an ultra-stable precision table
for helium-neon c.w. laser supports. Additional support in the
form of the purchase of equipment and supplies has come from
this grant for Mr. Nemec's studies for his Ph.D. dissertation
in the area of laser optics. The particular problem now under
investigation is the trapping of laser beams in a liquid crystal.
This work is under the direction of Dr. William Cook of the
Department of Electrical Engineering.
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One additional project supported by this particular grant
was the construction by several undergraduate students and two
graduate students, Mr. Noel Strader and Mr. Gary Summers, of
a digital simulator which can be used and is being used to
simulate small special purpose computers and digital systems.
This system is primarily educational in nature and has been
wholly supported from this grant and departmental funds. Many
items of equipment, power supplies, components, etc. were
purchased in order to construct this system which was designed
by Professor James D. Bargainer of the Department of Electrical
Engineering.

The majority of the funds supplied by this grant have been
used in small amounts to continue or carry out research projects
mainly sponsored by the department and the university. These
monies have been invaluable in allowing the completion of
large numbers of projects which otherwise would not have been
completed.



1. Solid S.tat.e. Ph_.s.ics. Dr. Clark Goodman, Professor of Physics

At the time this multidisciplinary grant was initiated,

we were fortunate enough to obtain a grant from HEW for

lecture demonstration equipment, including Mossbauer apparatus.

This equipment, which is used in the introductory physics

course for non-science majors called PHYSICS TODAY, has served

for the research by several graduate students supported, in

part, by Grant NGR-44-005-021:

Charles S. DeJohn - An Investigation of the Absorption and the

Diffusion of Gases in Palladium Metal and Zirconium -

Iron Allo Z using Fluorescent and Mossbauer Techniques

Ph.D. Thesis June 1968. This research began with a search

for atomic hydrogen in the gas escaping from heated pal-

ladium through which hydrogen was diffused. While nega-

tive results were obtained, this work provided a foundation

for the research on atomic hydrogen in the solar wind which

is being supported by a NASA grant through the Manned

SDacecraft Center. This study also led to the major

investigation: the diffusion of oxygen into alloys of iron

and zirconium. The isomer shift, quadrupolo interaction

and magnetic interaction of thevarious oxide phases in

the alloy made possible the interpretation of complex

Mossbauer spectra containing as many as 26-1ines. To the

best og our knowledge this is the first time such complex

spectra have been analyzed by Mossbauer methods. Portions
of this research have been published in the abstract and

paper listed immediately below. Dr. DeJohn, who is now

Research Physicist with Shell Research and Development

Corporation, is preparing other papers based on his thesis.
Charles S. DeJohn and Clark Goodman Luminescent Detector

of Atomic Hydrogen - Abstract presented at American Physi-

cal Society Southwest Section Heetin_s 1967.

Clark Goodman, C. S. DeJohn, L. D. Lafleur and L. Y. Lee -

Applications of b[ossbauer _[ethods, Analytical Instrumentation

6 261-267 _1969). Based on invited paper presented at

American Instrument Society Meetings in Philadelphia (1968).

i. Dwynn Lafleur - A Mossbauer Study of Lattice Dynamics in Iron

and Iron Salts - Ph.D. Thesis August 1969. Lafleur's re-

search began with a study of iron meteorites using scatter-

ing from polished sections. In collaboration with Dr.

Elbert King of the _[anned Spacecraft Center a paper summari-

zing these results was published in Science 162 1268-70,

13 Dec. 1968. Subsequently the emphasis was s----hifted to the

more _undamental study of lattlce dynamics based on measure-

ments o[.th_ _ossbauor fraction fa and resonant velocity V o

in spectra from metallic iron, sodium nitroprusside, sodium

ferrocyanide at several temperatures between 78"K and 295"K.



The observed, temperature dependences of fa and V in each
absorber were fitted to both Einstein and Debye _attice

vibration models. Tl_e characteristic temperatures of the
models fitted to fa are consistently lower than those fitted
to V_, showing the sensitivity of the ?4ossbauor fraction to
1ow-_requency modes of vibration. The characteristic tempera-

tures obtained from V o are higher for the salts than for the
metal0 indicatin_ the presence of higher-frequency modes of

vibration in the salts. This interpretation is verified

semi-quantitatively by comparing the thermal-shift Debye

temperatures of the salts to their infrared absorption fre-

quencies. The Mossbauer fraction of potassium ferrocyanido

shows a weaker temperature dependence than expected for a

harmonic solid. This suggests that potassium ferrocyanide

is anharmonlc in the temperature range studied. The mag-
netic field at the Fe $7 nucleus in metallic Fe and the

quadrupole splitting in sodium nitroprusslde confirmed

earller measurements by other investigators.

Dr. Lafleur has accepted an appointment as Assistan&

Professor of Physics at Drury College in Springfield,
Missouri. An abs_rac_ based on his _hos£s work has boon
submitted for presentation at the American Physical

Society Mootlngs in Boulder, Colorado on October 30-31,

1969. A paper Is being prepared for publication.

L. Y, (Denny) Leo has been a graduate research assistant under

the sustaining grant for the past two years. He has been

schooled in Mossbauer methodology by Dwynn Lafleur. About

a year ago Denny initiated an experimental study of the

resonant scatte_n_ of 14.4 key ganmas from magnetized Iron.

Frou the outset he observed a small anomaly in the inte_-

slties of four of the six lines in the typical hyperfine

spectrum. Because the effect is small (a few per cent for
lines I and 6) it requires 3 to 4 days of continuous obser-

vation to obtain statistically significant data. Repeated
measurements have convinced us this effect is real. Much

effort has been expended in attempting to understand the

physical significance o_ the experiments.

Several theorists have predicted related asymmetries
in Mossbauer materlals with large mixing ratios (E2/HI)

fo_-tho gamma ray transitions. Because this ratio is only

about 10-4 for Fe-57, this commonly used _,lossba_ isotope

is r_t suppose to exhibit such asymmetries. A p_dr was
presented at the meetings of the American Physical Society
in EF_ider, Colorado October 30-51, 1969. Because of the

pot c_ntial relationship between our experimental observations and

the very fundamental question of PCT invariance in physical

processes, we have invited criticism of our paper from several

specialists ip_$his field prior to publication.
In any event the experimental results are certainly

challenging and Denny plans to extend this work in his Ph.D.

dissertation, scheduled for completion in June 1970.



2. Solid State Physics. Dr. D. C. Rich, Professor of Physics

There is a strong interaction between the electrons in a solid

and an acoustic wave when the electrons have a component of velocity

in the direction of sound propagation which is equal to the velocity

of sound in the material. A calculation is done to estimate the

magnitude of the effect this interaction will have on the velocity
of sound.

An analysis of the experimental techniques adequate to detect

this effect is given, and a description of the experimental appara-

tus is presented.

During the current contract period, work on the properties of

metals has continued using magnetoacoustic techniques. The electronic

contribution to the acoustic properties of a medium can be calculated

by writing the equation of motion for the medium and solving for the

dispersion relation. The basic equation of motion is

d2_
p i = _Tij_x j (I)

2
dt

where _i is the elastic displacement and Tij is the stress tensor.

the absence of phonon-electron interaction,

(2)
Tij = Cijk£Sk_

where _ k

Sk_= _x£ (3)

is the strain tensor. In the simple case of an isotropic medium the

dispersion relation is

= ks (4)

where

s = (c/p)1/2 (S)

is the velocity of the wave.

In

Electron-phonon interactions are inserted into the equations by

appropriately altering the stress-strain relations, eq. (2). Where

the electron-phonon coupling is via a deformation potential, eq. (2)
has the form

Tjk = Cjk£mS£m - EniC_k (6)
i

i

where Cjk is the deformation potential tensor for carriers of type i

and carrier density n i.



The equation of motion is then, for a one-dimensional medium,

_n.
--d2_ = S 2 d2_ 7_C __1

dt 2 dx 2 i i _x (7)

This can be solved by noting that _ m exp [i(qx-_t)], where _, q are

the frequency and wave number of the sound wave and by setting

o 1
n I. = n.l + n.l (8)

where n °. is the density of carriers in the absence of the sound wave
1

1
and n i is a perturbation, also assumed proportional to exp [i{qx-_t)].

The carrier densities are written in terms of the respective current

densities by means of the equations of continuity and the current

densities can be related to externally applied electric and magnetic

fields by means of constitutive relations derived from manipulation

of the Boltzman transport equation. When this complicated process

is carried through 2, the desired dispersion relation is obtained for

longitudinal waves :

2 2

2 2 2 iq (Ce+Cp)
= q s [I.+ o,',] {9)

2pe2_s 2

!

where o,, is an effective conductivity in the direction of propagation

and includes effects of external fields. The velocity of sound is

the real part of u/q; this gives 3 for the normalized charge in s

2 2

As q (Ce+Cp),
s-- = 2 2 Im(o,_)

0 e s
o

g

Substitution of o,, into equation 10 yields

As i

s 4
0

2
+C

Nom Vf Cn r E

p s o mvf

2 2
u ( occ)

Cq£)

2
+ i13 (vf/So)

2

2 4 2 2

(_c c) + I/9Cq_) (vf/So)

(I0)

where p - density of material

s o velocity of sound in absence of strong interaction

N O carrier density

m = effective mass of electron

vf = Fermi velocity

T = relaxation time of electron in material

1 = mean free path of electron in material

_c = eB/mc = cyclotron frequency of electron in field B



q ffi sound wave wave number ffi 2_/_

= 1 - Vo/S °

C , C = deformation potential of electron, hole.
n p

Inserting valueJ of the parameters appropriate for biJmuth

gives S/So~lO 1- at v D = s o, so the effect should be easily observable.

Figure I is a plot of the relative velocity change as a func-

tion of Vo/S o for X = 0.1 and _c T = i00.

During the current reporting period, work has continued on an

experiment to measure the velocity of sound o£ ultrasonic pulses in

bismuth single crystals, using the pulse interferometry technique of

McSkimin 3, when VdXVs . (Vd is the drift velocity of conduction

electrons and V s is the velocity of sound).

The necessary high drift velocity of the electrons in the sample
can be established by imposing mutually perpendicular D.C. electric
and magnetic feilds in the sample. To establish the necessary electric
field it is necessary to pass large currents through the sample while
limiting power dissipation in the crystal to levels which can be tolera-

ted in an experiment performed in liquid helium necessitates pulsing
these large currents. A current pulse generator was designed
and constructed for this purpose capable of furnishing 45 ampere
pulses of duration up to 400 _sec at repetition rates up to 40
pulses/sec. This current capability is also adequate for

ultrasonic amplification experiments which require Vd>>V' S

A block diagram of the assembled equipment is shown in Fig.2.

A very stable oscillator (General Radio 1330-A) whose frequency is

monitored continuously by a frefluency counter, is used as a trigger

for the Simpson 2620 pulse generator, the output of which is used to

gate the RF generator of the previous section. The trigger output

from the Simpson pulse generator is fed into a scalar. The register

output from the scalar is converted into a trigger signal for the

current pulse generator described previously. In operation th.e scalar

is set to put out a pulse for every 4096 input pulses. This scheme

synchronizes the current pulse with the RF pulses applied to the sample,

and thereby allows the stable display on an oscilloscope of those RF

pulses which are received at the transducer during the current pulse,

while rejecting display of those RF pulses which do not occur during

the current pulse.

The display on the 545 scope is used to monitor the amplitude
of the current pulse by means of a 1/2 ohm resistor in series with
the sample.

Macroscopic crystals of bismuth 6 were grown using a Bridgman

technique from 99.99994 pure bismuth supplied by Cominco, Inc.
Single crystals were produced about 7S_ of the time by using the soft
mole technique S with the furnace heater at about 400°C and liquid



nitrogen flowing through the cooling coils. The aluminum oxide
powder around the sample allows for the expansion of bismuth upon
freezing, and has the additional advantage of preserving the shape
of the sample during the growing process; i.e., a single crystal of
any reasonably simple shape can be produced by machining the material
before placing it in the furnace.

Bismuth crystals grown from the melt show a strong preference
for growing with the trigonal axis perpendicular to the growth axis 6.
A total of about fifteen single crystals were grown, of which only

three were oriented with the growth axis near the trigonal direction.

An attempt was made to machine the first eleven single crystals

grown on a spark planer, but ten of these showed macroscopic recry-

stallization when etched after planning. The reason for this is not

understood, as it proved to be impossible to reproduce the effect

outside of the spark machine either by subjecting a single crystal

to strain or shock, or by pulsing large currents through a crystal.

To avoid the problem of recrystallization, a grinding apparatus
was constructed employing a goniometer crystal mount. The goniometer
can be used with an X-ray camera to allow alignment of the sample by
Laue back-scattering methods. Two crystals, here labelled A and B,
were prepared in the shape of flat rectangles. The dimensions of
the two crystals are .467 cm x .852 cm x .917 cm and .402 cm x .861 cm

x .962 cm respectively.

Crystal A has x I parallel to the trigonal axis, x 2 parallel
to the binary axis, and x3 parallel to the bisectrix. Crystal B was

cut with the faces of the sample nearly parallel to the faces of the
pseudo-cubic unit ball of bismuth. Use of this orientation compli-

cates the spectrum of the expected velocity change by introducing
phonon interactions with electrons of various effective masses, so

the AS/S o curve would have several peaks instead of the single peak
of Fig. i. This effect does not occur for sound propagation in the

trigonal direction.

The transducer to crystal bond consisted of a sheet of lens

paper soaked in stopcock grease sandwichedbetween the transducer and
crystal. The lens paper was used to provide electrical insulation

between the gold plating on the transducer and the crystal; this
electrical isolation was necessary to prevent the gold film from

shorting the current pulse applied to the crystal, since the conduc-
tivity of gold is about fifty times that of bismuth. Electrically
isolating the crystal from the transducer also removed the necessity
of keeping the crystal grounded, which was an aid in monitoring the
amplitude of the current pulse.

The direction of propagation of the sound pulse was along the
shortest crystal dimension (along the trigonal axis in the case of
crystal A).



The current pulse was introduced into the sample by means of
brass electrodes soldered to the crystal with Wood's metal. The

electrodes were attached to those faces of the crystal having the

smallest area, since this arrangement achieved the highest current

density for a fixed total current. In the case of crystal A the

applied current pulse was in the bisectrix direction. In each cry-
stal the maximum current density achieved was about 100 amp/cm 2.

Experimental runs were made at 4.2°K in the following way:

longitudinal RP wound pulses were introduced into the crystal at

intervals of twice the round trip transit time of the sound

pulse. The frequency of the sound pulse was near 13 Mc, the

resonant frequency of the transducers used. The signal

at the transducer was amplified and displayed on

an oscilloscope and the pulse repetition rate adjusted for maximum

amplitude of the summed reflections. The current pulse amplitude

was set at 40 amperes (i00 amp/cm 2 in the crystal). The magnetic

field was then slowly swept from zero to 50 kg as the RF pulse in-

terference pattern was monitored. Any change in the velocity of

sound greater than one part in 104 would manifest itself as an

observable change in the interference pattern.

No effect could be seen. Since the magnitude of the expected

change in velocity when v D = S O is about a thousand times greater

than the minimum change which could be detected, the necessary

conclusion is that a sufficiently high electron drift velocity in

the direction of sound propagation was not achieved. This implies

a short relaxation time in the sample accuracy. An upper limit

for T can he deduced from the following consideration:

The expression relating the applied current density, Jx, to

the current density in the direction of sound propagation, Jy, is

1
J = -- J (.12)

x _ T y
C

Now, J
Y is given in terms of the drift velocity in the y direction by

J = nev (13)
Y Y

The negative result in the experiment indicates that vy<So, so that

J <neS (14)
y o

But

J = _ TJ . (15)
y c x

SO

<neS (16)_cTJx o



or

neS
C< o

J
C x

(17)

us ing
c

ffieB/mc this gives

mncS
o

T <
B J

x

(18)

Inserting the values m = .01 me, n = 5 x I0

B = 50 kg, and Jx = i00 amp/cm 2 gives

- 10 517 cm 3, S = cm/sec,
0

-12
T < I0 sec.

This is certainly plausible, in view of the large strains which may

be induced in the crystal because of differential expansion of bi-

smuth and the brass electrodes during cooling to liquid helium

temperatures.

-12 2
For T = 10 sec, z_ c is about 10 at B = S0 kg; using this

in Eq. (4) along with AS/S ° = i0 -S and solving (Ii) for VD/S ° gives

vD ~
.99

S
o

indicating that the above evaluation of an upper limit for T is not

inconsistent with the fact that no change in velocity was seen.

Note: The single experimental difficulty which could be re-
sponsible for an ambiguous result was that the thinness of the cry-
stal used resulted in poor differentiation of the individual re-
flection as viewed on the oscilloscope -- the null areas between
reflections were definite but very short. This meant that it was

possible that the pattern which was seen was due to electrical in-
terference in the electronics and cables (instead of acoustic

interference in the sample). However, any such electrical inter-
ference would have been a very sharp function of frequency, and over
the (small) range o£ frequencies at which it was possible to obtain

reflections the pattern was found to be independent of frequency.

The preliminary results of this investigation were reported at
the Beaumont, Texas meeting of the AAPT, March 16, 1968. The com-
pleted work was submitted as a thesis in partial fulfillment and

of the requirements for the degree of Master of Science by Nicholas
P. Thiessen in August, 1968.
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3. Solid State Physics (Cont'd). Dr. J. B. Coon, Asst. Prof. of Physics

• Band Structure Effects on Electron-Phonon Interactions in Pure

Metals and Alloys, J. B. Coon

It is well known that the presence o£ electrons in metals

modifies the form of the phonon dispersion relation I. Only in

recent years has the actual form of the band structure begun to

be incorporated in the study of this effect. The following report

details the current progress of a systematic investigation of

band structure effects on the phonon spectrum by studying changes

in the velocity of sound as a function of changes in the Fermi
surface of the material.

It has been shown by Leigh 2 that as the Fermi surface begins

to contact a Brillouin zone boundary, the coupling between con-

duction electrons and phonons becomes unusually large due to re-
distribution of electrons in bands that are distorted due to the

passage of the sound wave. The effect manifests itself in changes

in the velocity of sound as well as in the attenuation of the sound

wave. If the form of the Fermi surface could be altered in a

determined manner, the electron-phonon coupling could be studied

as a function of changes in e_(p) for the electrons by measuring

the corresponding shifts in -the attenuation and velocity of
sound.

Pure thallium, cadmium, or zinc and their dilute alloys

are interesting systems in which to initiate this investigation.

In each of the metals, theory3, 4 and experiment 5,6,7 indicate

that small changes in electron concentration would change the

number of regions in which the Fermi surface overlaps a Brillouin

zone boundary. The small change in electron concentration can

be accomplished by dilute alloying.

The initial experiments are in progress in thallium. The

Fermi surface of thallium has been studied using magnetoacoustic

effects, the de Haas van Alphen effect, cyclotron resonance, and

various d.c. transport measurements. 8 Presently the radio frequency

size effect 9 (RFSE) is being employed in this laboratory _8 gain
additional information on the band structure of thallium. The

currently available data suggest that the addition of a small amount

of donor impurity _approximately .5 atomic percent tin, for ex-

ample)" into pure thallium causes the fourth band electrons to make

contact with the zone boundary in the hexagonal direction. The

contac_would be in the form of thin tubular arms of a very small

cross sectional area and cyclotron mass. The appearance of long

period dHvA oscillations with H parallel to the hexagonal direction

can be used for non-magnetic impurity levels less than approximately

.75% to indicate the onset of zone boundary contact. The angular

#



dependence of the period of the dHvA oscillations indicates the

form of the Fermi surface in the contact region. The changes in

the attenuation and the velocity of the sound wave as a function

of doping is measured and correlated with the Fermi surface data

so that the band structure effects can be studied. Theoretical

considerations show that an abrupt decrease in the velocity of

sound will occur as the Fermi surface becomes connected in the

hexagonal direction.

Study of the Fermi Surface of Thallium Using the Radio Frequency
Size Effect.

Since precise knowledge of the Fermi surface of pure

thallium is necessary for predicting the changes induced by dilute

alloying, the RFSE is employed to complete the determination of

the Fermi surface in pure thallium metal. 10 This research is in

progress at this time under the direction of the author and assigned
to James E. Bradfield. Results have been obtained on thallium

single crystals for sample thicknesses of .12 mm and .47 mm.

Calipers corresponding to extremal orbits on both the major third

bank hole surface and fourth band electron surface have been ob-

served. The results are in essential agreement with the ROPW

calculation of Soven 11 Resonances corresponding to previously
unobserved orbits have been assigned to non-extremal orbits on the

third band electron surface. Evidence of extended orbits on the

third and fourth band surfaces due to band degeneracies along the
line AL were also seen.

Line shape studies were performed for frequenci_ between
1.2 and 9.8 Mhz and did not show the characteristic _- 3 behavior

expected from the anomalous skin effect. Since the line shape is

determined by the electric field distribution in the skin depth of

the sample, which is in part determined by local scattering

mechanisms, this result warrants further investigation. Possible

effects of Fermi surface parameters as well as surface scattering
mechanisms will be considered.

Signals were observed at magnetic fields correspondingto

integral multiples of the first order RFSE resonance value. These

"field splashes ''9 have been observed by other investigators in

different pure metal crystals. A detailed study of the line shape,
however, has not been accomplished.

,This research is being continued as part of the alloy research

program. Of particular importance is the accurate determination

of the "hornlike" protrusions of the fourth band electron surface

near the point H in the Brillouin zone. It is this portion of the

Fermi surface that will participate in the overlap connection.

The energy gap at this point as well as the separation distance

between the fourth band electrons and the FMK plane may be deter-

mined by the calipers obtained from an orbit such as E'- E' in



Figure 4 of Reference S. Note that the calipers must be taken
on the orbit in regions of high curvature. The R.F.S.E. is inherent-
ly better suited to this determination than other techniques such
as geometric resonances. It is also of interest to caliper the
third band along the [1010]direction. Since the third and fourth
bands are degenerate and touch along the line A-L, this point
should serve as a good reference point for setting the Fermi level
for theoretical calculations.

Determination of the Velocity Shifts in the Dilute Thallium-Tin

Alloy System.

Measurement of the velocity shifts due to changes in the

band structure in the alloy system are in progress and assigned

to Ronald M. Crews. Although a complete interpretation of the

data is dependent upon information gained in the RFSE experiment,

we expect to be able to accumulate enough data to begin initial

interpretation by June 1970. Sufficient information from the

RFSE experiment will be available to allow the study to be com-

pleted by the spring of 1971.

Experiments indicate that changes in the velocity of sound

over the proposed range of alloy compositions should be on the

order of one to five percent. Thus precise measurements of the

absolute velocity of sound are necessary. A variation of the

McSkimin 12 pulse superposition technique developed by Papadakis 13

is used for this investigation. Capabilities for absolute measure-

ments of the velocity of sound are approximately .05%. The

apparatus has been improved and assembled in our laboratory.

Attenuation measurements of the series of samples will

also be performed. Losses from sources other than the normal

electrons can be subtracted from the total sonic attenuation by

measuring the attenuation in the normal and superconducting state

of pure thallium and in the alloys. Since a ormal=a

asuperconducting to a very good approximatio_ apparent

at liquid helium temperatures, meaningful comparisons of the
attenuation due to the normal electrons can be made between

samples.

Growth of large single crystals of tin doped thallium has

been accomplished despite difficulties incurred due to a solid

state Fhase transition. Construction of a spark erosion crystal

slicing and planing apparatus 14 has been completed complementing

the available crystal preparation facility.
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• Astro-Physics Research. Dr. J. W. Kern, Associate Professor

of Physics

Astro-Physics Research under Dr. Kern is best summarized

by the _heses and publications which have resulted:

i. Effects of Anomalous Resistivity in the Magnetosphere

, Evidence for Impulsive Particle Precipitation at
Middle Lati'tudes

3. .X-Ray Pulsation Observations at Midlatitude

4. Hydromagnetic Wave Propagation in the Earth's Magnetosphere

5. Transit-Tine Heating of Particles in the Magnetosphere

6. Effects of Hydromagnetic Waves in the Magnetosphere



P-FF_CTSOF ANOMALOUS.RESmTrvr_ IN..THP._GNrrOS._ *

John W. Kern, Dept. of Physics, University of Houston, Houston0 TeJms

Recent observations suggest that neutral line models for driving

ionospheric convection are necessarily less effective than previously
proposed. More comprehensive observation of ionospheric currents are

presen_y available than these used te eenst_ruet ex_Istinq phenomeno-
loqieal models ef magnetospherio dynamics. Taken together with recent

observations of electric fields in auroral arcs and barium releases at

high latitudes, these data suggest substanital revision of ex/sting models

is required. The present paper discusses the consequences of anomalous

resistivity for dy_namical theories of the magm tosphere. The origin of

the anomalous resistivity is In wave-particle interactlons, the waves

being internally generated as a result of dynamical (two-stream) instabili-

ties. The principle effects of anomalous resistivity are in (a) sustaining

potential differences along magnetic field lines In regions of field-aligned

currents, and (b) increasing the helght-lntegrated direct (Pedersen) con-

ductlvity connected with polar-ionospheric currents. The first is important

in relation to the precipitation of low energy electrons and protons in the

auroral belt. The second effect (to our knowledge, first introduced here)

has important consequences for the distribution of currents observed in the

ionosphere for any dynamical model of the magnetosphere. The relations

of fleld-aligned currents to regions of anomalous resistivity are analyzed

In connection with the observed morphologies of ionospheric currents,

auroral precipitation, and electrostatic wave observations In the magneto-

sphere.

It is found that the primary effect on the analysis of ionospheric

currents is to increase the height-integrated Pedersen conductivity. Field-

aligned currents can however appear as a result of anomalous resistivity

in regions conjugate to the auroral belt; not all of the current closure

for steadystate models need be In the ionosphere. The result Is that even

purely inductive mechanisms for driving convection in the magnetosphere

will generate field-allgned currents. The change in scale lengths of

electric potential distributions parallel and transverse to the magnetic field

can be evaluated. It is found that thin auroral arcs cannot be purely electro-

static phenomena originating at large distances along field Lines if appreci-

able internal wave excitation is present. Large scale features of ionospheric

currents and particle precipitation patterns can however be rationalized in

a theory incorporating significant wave-pm'ticle interactions.

EVIDENCE FOR IMI_LS)_IE PARTICLE PRECIPITA_ON AT MrDDL_

.IATI .TUDES *

R. Sheldon, Dept. of Physics, University of Houston, Houston, Texas

J. W. Kern, Dept. of Physics, University of Houston, Houston, Texas

A measurement of the X-ray intensity at a residual atomspheric

depth of 8 gm/cm _ was made on June 25, 1964, from a balloon in the

vicinity of Seattle, Washington (L = 2.7). X-rays at four integral

energies {>20 KeV, > 50 KeV, > I00 KeV and > 200 KeV) were measured with

an unshielded NaI crystal. The resulting energy spectrum at altitude and

the counting rate curves during the ascent to altitude are shown to be in

good agreement with the results of other workers. However, analysis of

the hlgh-altltude counting rate wlth fast time resolution reveals the

existence of mlcrobursts similar to those which have been measured in

the auroral Zone. These measurements of X-rays in the atmosphere are

compared to,th_precipltation of energetic trapped electrons which has

been obsb'rved from satellites in the same region of L values. The role

of wave-partlcle interactions and instabilities In the precipitation of

trapped particles from both the inner and outer belts Is dlscussed.

International Association of Geomagnetism and Aeronomy

Program and Abstracts for the Gerneral Scientific Assembly,

Madrid, September 1-12, 1969
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W. R. Sheldon
J. W. Kern

Dep•rtmenL of Physics
University of Houston
Houston Texas 77004

X_R•y Pulsation Observntions st Midl•tltude_ 8Jlloon observations of
x-ray puAs•tions st a reszdual atnosphern depth of 8 gn ca-2 reveal • new
phenomena of suddenly shifting periodicities in the range 0.25 to I sec For
x-rays >20 key. Nodulttton of the count rate by a factor of SOq is ob-
served during shorter-period modulation events. The pulsations occurred
inside the plnsmapause at L - 2.7 during • geomagnetically quiet period.
Simultaneous surface magnetometer observations are discussed. Current
theories of auroral zone x-ray pulsations are examined and an explanation
is proposed in terms of ion-acoustic oscillations of an energetic plasma
near the equatorial plane.

EOS Transactions

Vol. 50, No. ii,

American Geophysical Union
November 1969



HYDROMAGNETICWAVEPROPAGATION

IN THE EARTH'S MAGNETOSPHERE*

Under the restrictions of the geometrical optics
t

approximation, optical ray paths and the intensity of

a wave front as a function of the ray paths have been

calculated for high frequency hydromagnetic waves propa-

gating in a simple model of the earth's magnetosphere.

Because of the bending of the rays in a nonhomoge_eo_Js

Isotropic medium, the waves are found to be deflected

as they travel inward toward tl_e earth. The envelope

through which no rays penetrate is found to be a func-

tion of the density of the medium and the geoma_etic

dipole field of the earth.

The intensity of a wave as a function of the ray

path is also calculated and Is shown to fall unlfoEnly

from Its value at the boundary of the magnetosphere as

the wave fron_ propagates inward. Contours of equal

intensity are drawn for the sunward side of the earth

and found to be approximately similar in shape to the

boumdary of _he magnetosphere.

A Thesis Presented to the Faculty of the Department of _hysics

University of Houston by Daniel Edward Gibbons, January, 1967



John W. Kern, Daniel E. Gibbons (Univ. of Houston, Houston,

Tex.), Transit-Time Heating of Particles in the Magnetosphere.

Local particle heating by hydromagnetic waves is calculated as

a function of geocentric distance in the magnetosphere. The

waves considered are the fast magnetosonic mode of hydromagnetic

waves. They interact with particles through the coupling between

the magnetic movements of the trapped particles and the

magnetic field perturbations of the waves; this interaction

leads to the so-called transittime damping of the waves. The

energy per unit volume per unit time given to both thermal

and nonthe_mal particles is calculated, using recent data for

the characteristics of the particles. It is found that thermal

protons acquire little energy but that the power transferred

to thermal electrons is significant, both for quiet and disturbed

times. The power absorbed by nonthermal proton fluxes is also

found to be significant, with maximum local heating at 3-4 R E .

The.total power input to thermal electro_ by a wave of
10 -4 gauss amplitude is found to be_10-- ergs per wave. period

beyond 5 R E . Nonthermal proton fluxes absorb_1020 ergs

per wave period inside of 4 R E . The power inputs are large
enough to account for the requlrements of high latitude phenomena

and for ring current heating.

L

TRANSACTIONS, AGU - Vol. 49, No. I, March 1968



EFFECTS OF HYDROMAGNETIC WAVES

IN THE MAGNETOSPHERE*

ABSTRACT

-o

The e£feo$_ oz_ _I_o _lasma trapped in the earth'.

magnetosphere by hydromaGnetic waves propaGatln& in the

ma_netosonic mode are considered in this paper. First,

local particle heating due to an enerGj exchange between

particles and waves known as magnetic Landau (transit-

time) damping is investigated. Heating of both therm.al

particles and proton fluxes is considered. _?nile thermal

protons receive little enerc_ from such a mechanism,.a

la_6e qua_ttt_ of e;_cr55, of the o_'der of lO ]'6 to ].0 ]8 e_

per sec within a voluz_e of lO earth radii can be suppl_.qd

to the thermal electrons. The heating of nonthe_,a!, f_st

proton fluxes is also calculated and are found to receive

by magnetic Landau darnping an energy per unit volume which

is two orders of magnitude higher than the heating for

the_.,al electrons. The proton _t_es, however rccelvc a

po;_cr input two orders of magnitude higher than the thelmu_l

electrons• The energy input to the protons is found to

be able to penetrate deeply into tha z,asne_ospnerc ar,d to

be sufficient to sustain a diamagnetic ring current which

is.belleved to bc responsible for large geoo_agnetic stol_ms.

The exchange of momentum between the waves and parti-

cles is considered in the second parb of the paper. By uot

discarding the i:_a_inar._ part of }._xwell's equatlo_s in

rcducmd fo_a, the eikonal equation is shown to be true for

A Dissertation Presented to the Faculty of the Committee of

Physics University of Houston by Daniel Edward Gibbons

January 1969



all frequencies and ;_avelenEths. A divergenceless wave

momentum density is constructed from _lhich a radiation

pressure tensor is formed. This tensor is then added to

the m_gnetic field tensor and kinetic p1_eszu1_e tensor

in the magnetosphere in order to calculate the effect on

the earth's magnetic field. It is found that the field

at the earth will vary by several gamma (1 _ = 10 -5 gauss)

in magnitude due to the exchange of momentum between

particles and hydromasnetlc _.Javes.



CONCLUSION

Hydroma_netic waves propagating from the instabili-

ties of the magnetopause have been shown in the preceding

analysis to be a possible source of local heating for the

magnetosphere. No mechanism to date has been suggested

by other investigators which could explain the energy

input needed for the observed increase in particle press-

ures and energies during disturbed conditions on the earth.

Also, any acceleration of particles must occur deep inside

the magnetosphere, and at all points. Waves of the HM

variety could be the source of power needed for transfer

of energy between the solar wind and the region inside the

earth's magnetosphere.

As has been shown the macroscopic pressure due to

wave-partlcle momentum exchange, while small, can be obse_ed

at the earth's surface and must be taken into account when

equating particle and magnetic field pressures for equili-

brium conditions. Localenergy exchange is provided by tile

masnetic field v,_cto_ of tile waves and a t_pical energy of
lb 21

10 to I0 crgs per sec can be injccted into the particles

depending upon wave amplitude. This is the energy require-

ment for the geomagnetic ring current needed to explain

large magnetic storms observed at the earth's surface.
b_A_

The time variation of the energy distribution in the

m
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outer zone, 3_e _ r • i0 Re , during hich K r values can

be interpreted as resulting from translt-tlme damp£n_

since the greatest heating occurs in this region. Fur-

ther, while the proton fluxes contain the greatest amount

of ener_', the difference in thermal electron and proton

tempreatures in this region can resRlt from waves since a

value of _ two orders of magnitude lower than Tz Is pre-

dicted. The waves even thoush highly damped in the outer

region can penetrate to approximately i_ i0 to 12 B_ for

both proton flux and thermal electron damping. Thus, heat-

Ing can occur at all points inside the magnetosphere at

about the same time.

Upon considering equilibrium conditions between the

wave-partlcle enery densities, a lar_e number of particles

will achieve energies equal to the wave energies. Two

peaks occur for this condition which correspond roughly

to the peaks for the inner and outer Van Allen radiation

belts. The ratio of particle density to magnetlc field

density can be greater than unity during magnetic storms

in the outer region and this seems to fit the observed data.

Of course, the model presented here is a very slmpli-

fled one. First, only a single frequency propagatln6

throughout the volume of the magnetosphere is used. A

more complete analysis could determine the heating effects

of a real_Ic power spectrum for the waves. Seaond, the



' i
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magnetic field of the earth is considered to be a dipole

and _ more aoph_at_c_ted field geomeCr_j could be used.

Third, the particle densities and waves are considered

to be radially symmetric whlchls, of course, not the

observed case. These restrictions do not appear to be

fundamental, however. Therefore, we conclude that heatin_

by wave-partlcle interactions can be an effective method

of acceleration of particles in the magnetosphere and

prov_dlng the mechanisms for generatln/_ geomagnetic

storm r_n_ currents and partlcle energ_V va_latlons.

Gibbons now Asst. Prof. of Physics at Fort

in Durango, Colorado 80301
, L

Lewis College
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Abstraet--The size and shape of the contact discontinuity around a comet's nucleus are
found based on the assumption that the ions moving away from the nucleus are non-interacting
and that these ions are specularly reflected by the solar wind's frozen-in magnetic field. By
superimposing the density due to the ions flowing directly from the nucleus and the specularly
reflected ions, contours of constant density inside the cavity are obtained. It is found that
the calculated size and shape of the cavity agree with observational data and that certain of
the anomolous plasma formations (clouds, rays) found in type I tails may be explainable by
the model.

1. INTRODUCTION

Much of the most recent work in the area of cometary physics has been aimed at analyti-
cally solving the problem of the solar wind flow past a comet (Ioffe, 1966; Kovar and Kern,

1966; Biermann, Brosowski and Schmidt, 1967). The general approach in these treatments

is that of gas dynamics. Continuity of the solar wind flow is effected by its frozen-in mag-

netic field. The fact that the solar wind moves at supersonic velocity has led many authors
to postulate the formation of a shock upstream from the comet (Alfvrn, 1957; Marcochnik,

1963; Axford, 1964; Ioffe, 1966). A particular difficulty in solving the flow problem is
the modification of the hydrodynamic equations to include source terms. Molecules

sublimated from the nucleus become ionized and eventually load the solar flow. Still

another difficulty is that the plasmas considered are compressible.

A distinguishing feature of the comet-solar wind interaction is the formation of a

contact discontinuity which separates purely cometary material from solar wind material.

This surface acts like a blunt object in that the solar wind is forced to flow around it. The

flow, then, is somewhat analogous to that of the solar wind past the Earth, for here also

a shock front and a contact discontinuity result.

Section 2 presents the model investigated. The two major assumptions are discussed in

detail. These are" (1) there is no magnetic field interior to the interface separating cometary
material from the solar wind, (2) the ions moving away from the comet's nucleus are

specularly reflected from this interface. An analytic expression for the density of the

outflowing ions is also obtained in this section.
The size and shape of the contact discontinuity are found in Section 3. The solutions

are in terms of familiar functions for two limiting cases, but in the general case, due to

the non-linear nature of the differential equation involved, solutions were obtained numeri-

cally. The parameters determining the scaling of the cavity are discussed and appropriate

values are adopted for them.
Section 4 contains the formal solution for the density contours inside the contact

discontinuity. A unique feature of the ion density in this region is a discontinuous jump

across a boundary termed the caustic. This curve is investigated in detail. Higher order
reflections are also discussed in this section and are found to be insignificant.

Correlations between the model and observational data are noted in Section 5. It is

found that the predicted ion density and the size and shape of the cavity agree well with
1413
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observational data. Other correlations, especially those of a time

are suggested by the model but are not considered to be conclusive.
Section 6 summarizes and concludes the paper.

dependent nature,

2. THE PROPOSED MODEL

The purpose of the model investigated here is to find the size and shape of the contact

discontinuity around a comet's nucleus and the density of plasma interior to it. Several

assumptions are made in the process of developing the model. Two are of sufficient im-

portance to warrant detailed discussion, namely, that there is no magnetic field inside the

contact discontinuity and that ions flowing from the nucleus are specularly reflected from
this interface.

In previous treatments, the plasma flowing away from the comet's nucleus has been

regarded as a continuous medium. Since the mean free path for collision of ions is very

long (,-d05 km), this assumption is questionable. To support this approach the argument

has been made that magnetic fields present in the comet's coma would provide continuity
in the flow. However, it is to be noted that, since the outflowing plasma is diamagnetic,

it is highly likely that the region interior to the contact discontinuity will be devoid of a

magnetic field.
If one accepts the existence of a contact discontinuity and also that the solar wind's

magnetic field is frozen-in, then obviously no magnetic field can penetrate the cavity since
the field will be carried by as the solar wind flows past. However, several authors (Alfv6n,

1957; Marochnik, 1963) have speculated that the magnetic field carried by the solar

wind may become partially trapped in the cometary plasma between the shock and the
contact discontinuity. The problem then is to find the length of time it will take this field

to diffuse into the plasma inside the cavity. A problem closely related to this one has been

considered by Piddington (1959). He has calculated the time required for the Earth's

magnetic field to relax (through outward diffusion) after being compressed by the solar
wind; he finds a relaxation time of about 18 yr. The problem to be treated here is the

inverse of the one considered by Piddington, i.e., in this case the magnetic field is diffusing

from the solar wind rather than into it. An approximate value for the time, -r, required for

the solar wind's field to diffuse into the cavity is given by -r = *raP-0, where Ro is the radius

of the cavity and a is the conductivity of the plasma inside the cavity. Setting a = 10 -14

T s/2' and with T = 600°K and Ro = 109 cm, a value of "r = 10 yr is obtained.

With no magnetic field present, it can be assumed that the outflowing ions move inde-

pendently of one another. When the ions reach the boundary, the pressure they exert is

just sufficient to balance the pressure of the solar wind. Exterior to the boundary, where

magnetic fields are present, a continuous flow will exist. Assuming the solar wind's frozen-

in field to have a direction perpendicular to its flow direction, the magnetic field configura-
tion will be one of concentric circles around the contract discontinuity. The outflowing

ions will be deflected by this field back into the cavity. Assuming that energy and momen-

tum are conserved, the ions will be specularly reflected from this boundary, i.e., their angle

of incidence and reflection, with respect to a unit normal to the surface, will be equal.

Using these assumptions, the size and shape of the contact discontinuity and the ion

density interior to it will be determined. The size and shape are treated in the following

section and the ion density in Section 4. The solution of both problems depends upon the

density of outflowing ions, which is now considered.

Inside the contact discontinuity only photoionization can be effective in converting the
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outflowing neutrals into ions. This simplifies the problem considerably. The nucleus is

here treated as an isotropic point source of neutral molecules and the assumption is made

that as the neutrals are ionized their velocity is unchanged. The net outflow of material,

i.e., neutrals plus ions, is thus governed by the equation V. (p*_) = S_(f), where p* is
the total density, fi the average ejection velocity of neutrals from the comet's nucleus, S

the mass production rate, and (_(f) the Dirac delta function. This equation can be integrated
to give.

p* = (S/47rv)(1/r2). (1)

Since the neutrals are being ionized with time constant -r, the density of neutrals, p_, is

determined by V.(p_g) = --pn['r. Integration of this equation gives

p_ = (S[47rv) exp (--r/vr)/r 2. (2)

Subtracting (2) from (1) then gives for P0, the ion density

Po --- (S/4rrv)[l -- exp (--r/w-)]/r 2. (3)

3. THE CONTACT DISCONTINUITY

Following the procedure used by Beard (1960) and others, an analytic expression for

the contact discontinuity can be obtained by balancing solar wind pressure and the pressure

exerted by the outflowing ions. On the sufrace where the pressures balance

p_(6_. _)2 = p0(_ " _)z. (4)

The s subscripts refer to the solar wind and ri is a unit normal pointing in the outward

direction. The B2/87r contribution to the solar wind pressure is neglected in this equation

since it is an order of magnitude less than the kinetic pressure. The geometry involved is

shown in Fig. I. Let _ and 60 denote unit vectors parallel and perpendicular to the radial
direction. Then the following relationships hold:

_,/v8 = --cos _ q- sin _b_0

_/v = 6

n = [_r- (1/R)(dn/d_)_o]/V'(1 q- [(1/R)(dn/d_)]2).

Substituting these and Equation (3) into Equation (4) gives

sin _ dR/d_ q- R cos _ = _¢/(Sv/(4rrp_v_2)) V/(1 -- exp (--R/vT)). (5)

Note that as _ --_ 0 Equation (5) gives an expression for Ro, the on-axis distance where the
pressures balance, i.e.,

Ro = v'(Sv/(4_rp,v,_)) _/(1 -- exp (--Ro/w-)). (6)

Hence, Equation (5) can be written

sin _ dR/d_ q- R cos _ -----V/(1 -- exp (--flR))/X/(1 -- exp (--fl)). (7)

This is the basic equation determining the form of the contact discontinuity. R o has been

set equal to unity with the understanding that it is the unit for measuring distance. The
parameter fl is defined by fl ---- Ro/vr.

Unfortunately, Equation (7) is non-linear and appears to have no solution in terms of
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FIG. 1. GEOMETRYINVOLVEDIN PRESSUREBALANCEANDREFLECTIONPROCESS.

However, for the special cases of fl _ 1 and fl >_ 1, Equation (7) reduces

sin _ dR/d_ q- R cos _ = _/(R)

sin q_dR/dc_ -4- R cos _ = 1.

Both of these equations are soluble in terms of familiar functions. The solutions, in order,
are

R = 2F2(O)/sin q_
and

R =  /sin

where F is Legendre's elliptic integral of the first kind having modulus V/(2)/2 and Q is

given by:

a = tan -x V'([2 tan (q_/4)]/[l - tan (q_/4)])

(Byrd and Friedman, 1954, p. 710).

For the general case, where approximations to the exponential term in Equation (7)

cannot be made, numerical methods must be employed. In rectangular co-ordinates the

equation to be solved is

dy/dx = y/{x -- (x 2 + y2) _/([I -- exp (--fl)]/[1 -- exp (--fl X/[x _ q- y2])])}. (8)

In the range 0.01 < fl < 1, the two limiting cases fail. Values of fl in this range were thus

chosen and this equation was integrated using the Runge-Kutta method.

Figure 2 shows plots of the contact discontinuities for the two limiting cases. These
curves represent boundaries within which curves in the intermediate range of fl(0 < 8 < oo)

must lie. If R is regarded as a function of both %band 8, then as 8 varies from 0 to oo, all

possible contact discontinuities are generated; effectively, the curve defined by R =
2F2/sin 4_ is rotated into R = q_/sin q_. As can be seen from Fig. 2, the shape of the contact

discontinuity is relatively insensitive to the value of 8. In this figure, for comparison

purposes, a plot of the surface R = sec (4_/2) is included. This contour is the continuation

of the on-axis streamline (for the case of potential flow) of a uniform flux from infinity

past an isotropic point source. Inclusion of the parabola and catenary in this figure will
be explained in Section 5.

The size of the cavity can be determined as follows. Equation (6) for the on-axis

stopping distance of the solar wind can be written 8_ = 0_[1 -- exp (--8)], where 0c=

Nm,,/(4rrpsvs2vr_). Here S = Nm,,, where N is the number of neutrals of mass m, produced

per second. If _ is specified, then 8 is determined. Once 8 is fixed, the cross-section of the

cavity at 0% R, is determined. Thus, the parameter = determines the scaling of the cavity.
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_,_ R= 2F2/S TM

/ R= tl/Sin _

_X

Catenary

FIG. 2. THE CONTACT DISCONTINUITIES.

Ro(lO6 km)

2-

r

N(1032/sec)

FIG. 3. STOPPING DISTANCE AS A FUNCTION OF PRODUCTION RATE OF NEUTRALS.

Now R o =v'r/3 and N = [(4_rp,v,_'r2)/m,]_; hence, by adjusting the/3 -- _ scales, the fl =

/3(_) curve also represents R o = Ro(N), i.e. the stopping distance as a function of the num-

ber of neutrals produced per second. To determine the scale factors, values must be assigned
to the constants involved. The more abundant neutral molecules include CN, C2, CO,

and N z. These all have molecular masses of _30 m_, where m_ is the mass of a proton.

The time constant for ionization is a more uncertain quantity. Its value will depend on the

molecular type. Thus _- should be regarded as an average. _- = 106 sec is adopted here.

The ejection velocity v = 105 cm/sec has been chosen (Wurm, 1963). Values of p_ and v s

are those corre3ponding to a distance of 1 a.u., i.e. p, = m_[cm 3 and v8 ---- 500 km/sec.

With these values, then, R 0 -----106fl km and N ---- 10a_/sec. Figure 3 shows a plot ofR o -----

Ro(N ) in the range of most rapid change.

For the limiting case t3 >_ 1 the cross-section of the cavity at infinity, R=, is given by

R_ ---- zrR 0, while if/3 _ 1, R= -----2K2Ro _ 6.68 R 0, where K is Legendre's complete ellip-

tic integral of the first kind with modulus V'(2)/2. Note that the ratio R,,/R o effectively

doubles from one limiting case to the next. This is to be expected since in the case where
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fl _ 1 the ion density falls offas 1/r _ whereas in the other limiting case, fl ,_ I, the fall off is
weaker, i.e., poocl[r.

4, THE ION DENSITY IN THE COMA AND TAIL

The problem of finding the density of ions inside the cavity is now considered. At

present, only part of the density is known, viz. the density due to ionization of the out-

flowing neutrals. However, in the discussion in Section 2, the assumption was made that

the outflowing ions were specularly reflected from the interior of the cavity's boundary.

Hence, to find the total density, the contribution from not only the outflowing ions but

also the reflected ions must be considered. Note that, formally, the reflection process can

continue indefinitely. For the moment, only the density contribution from ions which

have been once reflected will be considered. The problem of higher order reflections will
be treated later.

The density of ions due to first reflections can be found as follows. Consider that portion

of the contour reached only by ions flowing directly from the nucleus as an ion source.
Let ions be emitted in a direction such that the inner normal to the surface of the cavity

bisects the angle between unit vectors pointing toward the nucleus and along the emission
direction. Let the intensity of the source be

po(R) = S/(4_rv)[1 -- exp (--R/vT)]/R 2.

By superposing the density due to this 'line source' and the density due to ions flowing

directly from the nucleus, the net density is obtained. The geometry involved in the reflec-

tion process is shown in Fig. 1.

The ion flux, Px_, from the line source must satisfy V. (px_) ----0, subject to the boundary

condition that pI(R) -----p0(R). Integration gives

Pl --- pa(R) R sin _/(r sin 0) (9)

Thus far, it has been assumed that reflected ions from only one surface point can reach

a given point inside the cavity. However, in general, this condition need not hold. To

include the possibility of reflected ions from more than one surface point reaching a given

r, 0 the reflected density must be summed. The total density, p, is then given by

p = po(r) + _ po(Rj)Rj sin q_/(r sin 0)
j=t

where R_, ff_ is theft h set of values such that reflected ions from this point on the surface can

reach a given r, 0 and m is the total number of pairs. Expanding the expression for p

using (3) gives

p = (1/r e) {[1 -- exp (--fir)l/[1 -- exp (--fl)]}

+ _ {[1 -- exp (--flR_)]/[1 -- exp (--fl)]} sin d?_/(R_r sin 0)

where the unit of density is po(Ro). For the limiting cases of interest here, fl < 1 and fl > 1,

this solution reduces to, respectively,

p = 1/r + _, sin r_/(r sin O)
and

Note that each _ must satisfy

p = 1/r e + _. sin _/(R_r sin 0).

r sin (0 -- _ + _,) = R sin _p.

(10)

(11)

(12)
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Now, since _o= 2 tan -1 (1/R dR/d4_), once R = R(4 ) is specified and a point r, 0 chosen,
Equation (12) determines a unique set of 4's from which the density can be determined.

Perhaps the clearest way of showing qualitatively how the number of roots of Equation

(12) depends on the particular r, 0 chosen is graphically. For 0 = rr, this equation reduces
to

R, = R sin _/sin (4 -- _P)

where R c is the distance at which ions from R, 4 cross the axis. This equation is sufficient
to determine the qualitative behaviour of m. If values are now chosen for 4, a set of

trajectories for the reflected ions is obtained. This set of trajectories for the surface R ----

sec (4/2) is shown in Fig. 4. Inspection of this figure indicates that a boundary exists
which separates regions where m = 1 and m = 3.

FIG. 4. THE ION TRAJECTORIES.

The problem of finding an analytic solution for the boundary is analogous to the optical

problem of finding the curve enveloping light rays emanating from a point source and
reflected from a curved mirror. Hence, this boundary will be referred to as the caustic.

Let s be the distance from the surface along an ion path to the caustic and r*, 0* the co-

ordinates of the point the trajectory and the caustic have in common. Using the notation
of Fig. 1, the distance s is given by

1Is -}- I/R ----2k cos (_o/2) (13)

(Brand, 1947, p. 104). Here k -----k(4 ) is the curvature of the contact discontinuity which is
given by

k = [R _ d- 2(dR/d4) 2 -- R d_R/d42]/[R 2 -}- (dR/dq_)_] a/_.

s can be eliminated from Equation (13) by using s/sin (0" -- 4) = R/sin (0" -- 4 q- W)-
Equation (13) then becomes, after some reduction,

0* = tan -1 {[sin (q_ -- _) q- G sin 4///cos (4 -- v/) q- G cos 4]} (14)

where G = 1 -- 2kR/cos (_p/2). Using Equation (12) gives

r* ---- R sin _0/sin (0" -- _ q- _p). (15)

Equations (14) and (15) are thus parametric (parameter _) equations for the caustic.

Investigation of the caustics associated with the two limiting cases, fl < 1 and fl >_ 1,
reveals the same qualitative behaviour as illustrated by Fig. 4. In each case, the caustic
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separates regions in which reflected ions from either one or three surface points can con-
tribute to the density. This results in a step function character for m, i.e., m has the value

1, 2, or 3 depending upon whether the point r, 0 lies respectively interior to, on, or exterior
to the caustic.

It is essential to have an analytic form for the caustic in order to solve numerically for

the contours of constant density. A computer program was employed to find the roots

of Equation (12) at about 300 r -- 0 lattice points interior to the cavity. On one side of

the caustic, the program was devised to find only one root whereas on the other side three
roots were found. Once the roots were found, the density was then calculated using

Equations (11) and (12). Contours were then obtained by linearly interpolating a certain

value through the lattice of density values. Graphs and detailed discussion of these con-
tours will be deferred to Section 5.

A final problem remains, namely, consideration of the effects due to higher order
reflections. The modifications involved are twofold. First of all, the shape of the contact

discontinuity is modified. At the point where the caustic intersects the contact discontinuity

as many as three contributions to the pressure may exist. Specifically, on the lower part of

the surface, ions reflected from two upper surface points plus ions flowing directly from the

nucleus are now available to exert pressure. One would expect the cavity to flare out due

to the increased pressure. However, since pressure contributions fall off radially (direct

ions) or as 1/y (reflected ions), where y is the distance from the axis, whereas the solar wind

pressure has a constant value, eventually the boundary will tend toward a cylindrical form

as was true of the original surface. Calculation shows that the flaring of the cavity is

only about 5-10 ° and that the form rapidly returns to its original cylindrical shape. Note

also that the assumption of no collisions between ions begins to fail after one or two

reflections, especially due to the focusing of ions along the tail axis. Hence, for distances
well into the tail the flow should be continuous and of constant density. The second

modification is in the density. It is now found by superposing the density due to first and
second order reflected ions and ions flowing directly from the nucleus. This problem is not

treated analytically since, as mentioned, the validity of the model is questionable for second

and higher order reflections.

5. APPLICATION OF THE MODEL TO ACTUAL COMETS

The outline around a comet's nucleus has been described as a parabola (Alfv_n, 1957).

Empirical curve fitting has shown that a catenary also approximates this boundary (Maroch-

nik, 1963). Now the equation of the catenary, x = 2a -- a cosh (y/a), can be expanded

to give

x -----a -- [1[(2! a)]y _ -- [1/(4! a3)]y 4 +... (16)

which, to first order, reduces to a parabola. The catenary probably gives a somewhat

more accurate fit since it provides a second order correction. To compare the contour

obtained here with these results, Equation (8) is expanded.

x = R o -- [A/(2! Ro)lY _ -- [B/(4! Ro3)]y 4 "-]- ... (17)

where

A = (4-- e)/(6 -- e)

B = [3(4 -- e)3 -- 6e(6 -- 2fl -- 3e)]/[(10 -- e)(6 -- e)3]

e = exp (--fl)/[l -- exp (--fl)].
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Recall that fl is a dimensionless parameter given by fl = Ro/v'r. Note that to first order

Equation (17) also reduces to a parabola. Let a = Ro/A in Equation (17). This equation
then becomes

x = aA -- [1/(2! a)]y _ -- [(?/(4! aZ)]y ' +... (18)

where C = B/A _. As fl varies from 0 to oo, C varies from 1.3 to 1.8; hence, neglecting the

constant term (which merely corresponds to a translation of the axes), Equation (18)

closely approximates a catenary for all values of ft. Figure 2 shows a parabola and catenary
for comparison with the contours obtained here.

Note that all terms in Equation (16) and (18) are of even order. Hence, to third order,

Equation (18) will still closely approximate the catenary. For large values of x, however,

the catenary has an infinite width. Hence, only in the head region will the catenary fit

the true boundary. Equation (18) not only provides an accurate fit to the cavity outline
on the sunward side but also defines a curve with a finite width at infinity.

Figure 5 shows the density contours associated with the case fl >_ 1 (or, equivalently,

very large mass production rates). The unit of density, p0(Ro), can be found from Equation
(3) using the values adopted for the physical parameters. Thus, po(Ro) = 1500 m_/cm z or

about 500 ions/cm z. Since the production rate and on-axis stopping distance change in

such a way that Equation (3) always holds, the unit is the same for the case fl < 1. It

agrees reasonably well with the average value of 300 ions/cm _ found by Wurm (1963) for
the tail region of Halley's Comet.

In the head region the contours are roughly circular. As a contour is followed into

the tail, a gradual straightening occurs. A discontinuity occurs across the caustic interior

to which the contours again straighten as they are followed still further into the tail. Con-

tours for the case fl < 1 are qualitatively similar to those in Fig. 5.

The most striking feature of the model is the prediction of the caustic surface (the dashed

curve in Fig. 5; see also Fig. 4). For steady state conditions, the distance in units of R o

from the nucleus where this surface intersects the axis is given by R* = 4/(2 -- e). Thus

R* decreases monotonically from 4 to 2 as fl varies from 0 to _. Moreover, as fl varies

through this same range, the distance from the nucleus (in units of Ro) to the point where

0.5

1.0

0.5

FIG. 5. CONTOURS OF CONSTANT DENSITY FOR THE CASE OF LARGE MASS PRODUCTION RATE.
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the caustic intersects its associated contact discontinuity decreases from about 30 to 10.

Since the density has a marked increase across this surface, it may correspond to an obser-
vable feature in a comet; the symmetry with respect to the axis is highly suggestive of the

rays.
The model to this point has been developed assuming steady state conditions. However,

it is well known that the production rate of neutrals can vary. Outbursts, for example,

are generally regarded as being due to a sudden increase in the production rate of neutrals.

Furthermore, as noted by Beard (1966), more uniform increases or decreases in the pro-

duction rate may occur over extended periods of time. If more or less stratified layers rich

in dust and ice exist, the production rate will decrease as an icy layer, rich in volatile

molecules, is depleted.
A sudden increase in the production rate would, according to the model developed here,

result in the apparent motion of matter along the caustic. That is to say, the density along

the caustic would not increase instantaneously at all points to a new level due to the different

path lengths associated with the ion trajectories reaching this surface. Rather, the increase

would first occur at the point closest to the nucleus and move outward. If the outburst
were localized in a short time interval, there would be an actual motion of the increased

density along the caustic giving the illusion that matter in a localized region was in motion.

Moving clouds or condensations might be accounted for by this mechanism.

A final phenomenon the proposed model may explain is the rotation of the rays. As

previously noted, the distance of the caustic from the axis depends upon the on-axis stopping

distance which, in turn, depends upon the production rate of neutrals. Thus, larger pro-

duction rates correspond to closer distances to the axis. If, indeed, the caustic is a ray,

an increase or decrease in production rate would result in inward or outward rotation

respectively.
6. SUMMARY AND CONCLUSIONS

The major assumptions of the present model are that ions move away from a comet's

nucleus independently of one another and that they are specularly reflected from the

interface separating cometary material from the solar wind. Utilizing these assumptions, a

model was developed which predicted the size and shape of the contact discontinuity and

the plasma density interior to it. In addition, the model predicted the existence of structure
in a comet's tail. Previous models, which have treated the outflowing ions as a continuous

medium, give solutions for the density which show no pronounced irregularities.

The present model is able to account for the observed outline of the contact discontinuity

and for the finite width of the tail. The predicted mean ion density agrees well with Wurm's

(1963) value based upon the intensity of radiation scattered from the tail ions. Plausibility

arguments (Section 5) show that certain time dependent phenomena, in particular the

motion of clouds or condensations and the collapsing of the rays, may be explainable in
terms of the model.
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